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TREATISE 
NAVIGATION: 


; CON TAINING, 
I. 7h: THEORY of NAVIGATION wemonſtrated; 


wherein it is proved, that the Nature of the thing called Departure 


is quite different from that which the Writers upon this Subject took it 25 
to be: That Mid4dle-LatitudeSailing is erroneous; and that the common oy 
Method of keeping Reckonings in Meridional Diſtance, is groſſly falſe. * 

II. NAUTICAL PROBLEMS: Of a ſingle Courſe, Traverſes; — 


of computing the Bearings and Diſtances of Places. The Uſe of 
Mercator s Chart made caſy, and a new Method for finding the Bear- 
ings of Places upon Charts, without the Confuſion of Rhumb-Lines. 
Of Currents, and how to find them ſeveral Ways: Of turning to 
Windward in Currents, &c. : 


IN. ASTRONOMICAL PROBLEMS: Improvements made in the common 
Sea-Quadrant. The Deſcription of a new Fore-Staff, which is much more 
accurate and commodious than the common one. The Errors of the Noctur- 
nal ſhewed and demonſtrated. . 


Tables of the Sun's Place, Declination, and Right Aſcenſion. A Table of the moſt 
eminent Fixed Stars, contrived in ſuch a manner, as to ſhew by Inſpection, which 
is the propereſt Star for Obſervation, in all Places, and at all Times of the Year. 2" 


IV. PRACTICAL NAVIGATION: Improvements made in the common Sea- 
Compaſs. The Deſcription of a new Azimuth-Compaſs, which is ſo contrived as to be 
kept from being diſturbed by the Motion of the Ship. How to find the Lee-Way to a 
great Exactneſs, and a new and commodious Method of keeping a Sea-Fournal. 


To which is prefixed, by way of Introduction, A ſuccinct Treatiſe of PLAIN TRIGONOMETRY. 
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Advertiſement. 


HE new Azuurg-Courass and the new Fokx- 

Srarr, deſcribed in this Book, may be had at 
Mr. Thomas. Yright's Mathematical Inſtrument-Maker to 
his Majeſty, at the Orrery and Globe in Fleet-ftreer. The 
new Fore-Staff may be 10 had at Mr. John Coggs's, Ma- 
thematical Inſtrument-Maker at the Globe near St. Dun- 
fan's Church in Pleet-ftreet ; and at Mr. Thomas Heath's, 


next the Fountain-Zuvermn uw duc S and. At. which Places 
this Book is to be Sold. 
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HE great Importance of Navigation, and the vaſt Ad. 

vantages that accrue from it to Mankind, are ſo well 

known, that it would be needleſs to ſay any thing upon 

that Head: Tet it is ſurpriging this uſeful Art ſhould 
be ſo much neglected, that palpable and groſs Errors are taught 
and prattiſed in it even at this Day. And notwithſtanding the 
many conſiderable Improvements lately made in the Mathematical 
Sciences, yet hardly any thing has been done in Navigation, ſince 
our learned and ingenious Country-man Mr. Edward Wright, about 
150 Tears ago, publiſhed his excellent Treatiſe, entituled, Certain 
Errors in Navigation corrected, &c. 

Of late Tears indeed we have had a multitude of Authors upon 
this Subject, but moſt of them ſeem to be but indifferently qua- 
lified for ſuch Unadertakings; for either they never had gained 
any Experience at Sea, (and therefore could be no Judges with 
relation to the Ne Part of Navigation) or elſe had not 
throughly conſidered the Geometrical Principles upon which the 
Art of Navigation is neceſſarily built: And this muſt be the 
reaſon of the Errors, as well as the Intricacy and Confuſion 
which we meet with in our modern Books upon this Subject: And 


1 believe the ill Succeſs of our Longitude-finders may be alſo im- 
puted to the ſame Cauſe. my 
a e 
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| The pretended Accuracy of ſome People in their Reckonings, 
(which the Nature of things will not admit of) muſt certainly be 
one great cauſe why the Art of Navigation. at this time of day, 
19 ſo lame and imperfect; for except People are ſenſible of the De- 
fect, it is impoſſible they ſhowld know how to make any Impro ve- 
ment. And ſome, after they have got ſafe into their Port, are 
but too apt to forget the Difficulties, as well as the Dangers, 
they might have been in, but a little while before; and are ſo far 
from giving any Emcouragement to ang Helps which might be 
offered them, that they reattily flight all thihps (without ever con- 
ſidering their Uſefulneſs) rather than go out of their old way, or 
be thought to ſtand" in need of any farther Information : as if they 
were afraid that the owning themſelves in an Error, might be attended 
with ſome great Inconvenience to themſelves. Now theſe People maſt 
certainly judge and act wrong; for who knows not that the leaſt Im. 
provement in Navigation, may be the means of ſaving not only the Ship 
and Cargoe, but alſo what is more valuable, the Livesof many People. 
But although ſome (who labour under the misfortune of being 
but ſlightly grounded in the Nature of things) may be tenacious of 
the Methods they have been taught and uſed to, tho ever ſo erro- 
neous and abſurd; yet there is no doubt but that there are others 
who will as generouſly forſake any old Cuſtom when the Error of 
it is ſhewed, and gladly receive and make uſe of any Improvements 
which may be to their advantage. | 
In the following Treatiſe I have endeavoured to clear the Theory 
of Navigation from ſuch Errors as from time to time had crept 
into it; and alſo to make ſuch Improvements in the practical Part, as 
I found by Experience would be of great help towards bringing this 
Art tt a greater Certainty and Perfection. I hope what I have here 
done may anſwer the Expettation of my Subſcribers, to whom I beg 
leave to return thanks for their Favours: And if any thing uſeful 
has been herein advanced, thoſe who may more immediately reap the 
Benefit thereof, are no leſs obliged to them, who gave Encouragement 
to make it publick. | 
The Particulars contained in this Book, may be readily found in the 
Table of Contents; bt that the Reader may be the better led into the 
Nature of the Deſign, I ſhall here give a ſhort Account of the Scheme 


m general. 


1. TheINTRODUCTION conta ig ſome few Geometrical Problems, to- 
gether with a ſuccinf Treatiſe of Plain Trigonometry. To treat fully 
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of Spherical Trigonometry, would have exceeded my Deſign; and I 
thought it entirely uſeleſs to give the pratiical Solution of Spherical 
Triangles, conſidered [imply as ſuch, or the Projection of the Sphere in 
Plano for theſe things (tho' uſeful in themſelves, yet) without a com- 
petent Skill intheTheory, dorather confound than improvethe Learner: 
And that People ſhould pretend to illuſtrate things by others, which 
ſtand in as much need of Illuſtration, is certainly wrong. What I have 
here done by way of Introduction, was indeed chiefly for the ſake of 
complying with Cuſtom ; for as Trigonometry ig applicable to ſeveral 
Branches of the Mathematicks, as well as Navigation, it ought to be 
treated of in a diſtinct Volume; and I wiſh we had a complete thing 
of that kind to 1 to, as occaſion requires. | 
The common Method among our practical Writers of crowding [0 
many things together, and treating of them by halves, without either 
Order or Connection, has been of no ſmall Detriment to young Begin- 
ners: For except People are thoroughly grounded in what they are a- 
bout, they can never In a juſt Idea of it, and the farther they go on, 
the more they ll be confounded ; and having ſpent a great deal of time 
zn this manner, (to little purpoſe) they are j& s loth to begin a- 
new, or perhaps (which is worſt of all) think they need no farther In- 
formation. Beſides, People who learn things only by rote, loſe the 
great advantage that accrues from being uſed toMathematical Reaſon- 
ing; and are obliged to ſpend more time in acquiring ſome few practical 
Rules, than otherwiſe they need, if they were but a little grounded in 
the Theory: for a Theorem, when it is well underſtood, may be eaſily ap- 
plied to ſubordinate Caſes, which to aprattical Reader would ſeem both 
tedious and intricate. a 
It may be here objected, that there are ſome who have neither Capa- 
city or Opportunity for acquiring the Theory, and yet may be taught 
a practical Rule [o as to anſwer their purpoſe ſufficiently. 'Tis true in- 
aced, ſome are not ſo quick as others: yet I believe there are none, if 
they were told the reaſon 7. a thing, but what would gain ſomething by 
it ; and being a little uſed to thinking, they would improve by degrees, 
and perhaps at laſt make a tolerable Progreſs: At leaſt this might 
make them ſenſible of their Deficiency, and prevent them from fal- 
ling into that Obſtinacy which we meet with in ſome People. The 
Mathematicks 27 it /elf is not near ſo hard as what moſt People think 
7616, the greateſt Difficulty in it being chiefly owing to that confuſed 
Method in which it is commonly taught and treated of : And as for 
Seamen, I am ſure they have time ſufficient (if they were but put into 
J 2 a 
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a Method) for making better Proficiency in the Mathematicks than they 
commonly do; neither have any greater Opportunities, as well as grea- 
| ter Occaſion, for putting all Parts of it into practice. And I dare ſay, 
if People whogo to Sea were but better grounded in the Mathematicks, 
Navigation would have been long ſince brought to a greater Perfection 
than it is now in. But to return to the Subjet? of the enſuing Treatiſe. 


The NAVIGATION 7s divided into four Chapters: The firſt whereof 
treats of the Theoretical Part; concerning which I have been very par- 
ticular, and ] hope cleared it from very material Errors, advanced by 
ſome of the Writers upon this Subject. I do not find, that the Nature 
of the thing called Departure or Meridional Diſtance, (% it is conceru- 
ed in every Day's Work, and of the utmoſt Importance in Navigation) 
has been ever ſhewed by any Author whatſoever ; but all the Wri- 
ters of Navigation that I have met with, have expreſſly taken it 
inawrong Senſe : and this Miſtake naturally led them into ſeveral 
Errors, and muſt undoubtedly be one great Cauſe of the 1 
Mariners Reckonings. It was the ſaid Miſtake of the Departure, I take 
it, firſt gave Riſe to that erroneons Method of keeping Reckonings in 
Meridional Diſtance, (or by the Sum of the ſeveral Departures) by which 
| Methodit is impoſſible to find the Place of the Ship in any Voyage what- 1 
; ſoever. Nor is it ſtrange, that People following ſuch Methods ſhould 3 
| be vaſtly out in their Reckonings, when we conſider that their Meri- A» 
dional Diſtance ig nothing elſe but the Sines or Tangents of different 7 
Angles added together. | b 
1 As the Rules called Middle-Latitude Sailing, are at the beſt but 2 


0 — 1 « * 
Li _— 
— > — 2 — 
——— — - 
2 E — — > g——_— 


4 
- oO 
— 


, = — - + = «4, a n * 32 0 
2 . * = 
— —— — — —— —— lr 1X1  — 


4.4 aa P 


| ſort of Approximations, I think they ought to be entirely laid aſide; 

1 for Approximations of any kind ought not to be uſed, but when either 

_ we have no direct Rule for ſolving the Propoſition, or that by ſuch an Y 

| Approximation we ſave the E:xpence of ſome trouble; neither of which A 
7s the Caſe before ugs: And it is undoubtedly highly ab ſuird, that Peo- 1 


ple ſhould uſe a multiplicity of approximate Rules, when a few direct 1 | 
ones will adequately and truly ſolve all the Caſes of the Propoſition. -», 


It were to be wiſhed that the Notion of ſailing according to the Plain 1 
Chart, (or upon a Suppoſition that the Earth is a Plain) was entirely A 
. baniſhed out of the World ; but this we cannot hope for, ſo long as | 
a Touths are daily inſtructed in theſe Notions: Tet the Rules called Plain 
j Sailing taken in right Senſe may be ſafely retained, for they are ſtrict. 1 
i ly true with relation to a ſinglè Courſe, and an uſeful Expedient (ſiif w 

i firtently exact) for finding the Difference of Longitude made in one 3 
5 Day's Run. The w— 
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The ſecond Chapter contains all the Caſes in Navigation that arſe 
in ſailing upon aRhumb : In the firſt Section whereof are delivered all 
the Rules relating to a ſingle Courſe in three eaſy Problems ; there be- 
ing no longer any neceſſity for making the common Diſtinction of diffe- 
rent Kinds eee, The Rules called Middle -Latitude Sailing J en- 
tirely rejected, for the Reaſons already given; neither are the Rules 
called Plain Sailing conſidered according to the common Acceptations in 
which they have hitherto been taken. Great-Circle Sailing can be 
but of little uſe in Navigation, ſo long as Ships are ſteered by the 
Compaſs; and therefore it is here omitted. 

The Uſe of the true Sea-Chart, (commonly called Mercator's) is 
the Subject of the ſecond Section; which ] have endeavoured to make 
as plain as poſſible: And I hope that the Method I have ſhewed 
for finding the Bearings of Places without the Confuſion of Rhumb- 
Lines, Will be thought an uſeful Improvement. Farther alſo, to invite 
People to make uſe of this Projection, I have ſhewed how all the Caſes 
in Navigation may be eaſily wrought upon it. I thought it needleſs to 
give the Deſcription of any other Sca-Chart, ſince that above-men- 
tioned is the only one fit for Mariners; having this admirable Property, 
that the Bearings and Diſtances of Places may be exattly found upon 
it, which cannot be done upon any other Projection what ſoever. I have 
met with ſame People indeed who aſſerted, that they had found by Ex- 

perience that the Plain Chart is truer than the Mercator's ; which A 
ſertion in plain Engliſh amounted tothis, that they found by Experience, 
that the Earth is a Plain, and not a Globe. Experience indeed makes 
1 ready in their common Practice, and is abſolutely neceſſary to 
make a Man a good Navigator, eſpecially with relation to the practical 
Management of a Ship : But with regard to keeping an Account of the 
Ship's Way, Experience alone avatls but little ; for excepting Theory 
be joined to it, a Man cannot tell whether he be in the right or in the 
wrong, for at Sea there is no other way of detecting Errors, than by 
examining into the Grounds of the Rules and Methods made uſe of. 
And it is a plain Caſe if Experience alone was ſufficient, that Maii- 
ners world not have thus long perſiſted in ſo many Errors. 

The third Section teaches the Method of reducing Traverſes, or to 
fend the Place of the Ship after ſhe has ſailed any number of Courſes. 
And the fourth is about computing the Bearings and Diſtances of Head- 
lands, c. (which the I/r:iters of Navigation call Oblique Sailing) 
and of which I think I have treated more full and diſtintt than has 


been done before. "to 
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As the buſineſs of ſailing in Currents is the hardeſt and moſt in- 
tricate Article in Navigation, I have been very particular upon 
that Head; and I think advanced ſome new Problems, which I hope 
may be very uſeful to Mariners. © | | . 


The third Chapter contains the Solution of ſuch Aſtronomical 
Problems as are more immediately uſeful in Navigation ; and par- 
ticularly avout finding the Latitude, together with a Deſcription of 
the Inſtruments now uſed at Sea for that purpoſe. And I cannot help 
taking notice in this place, that the common Method of ſlitting the 
Horizon Vane of the Quadrant, is 4 notable Inſtance of the great 

prevalency of Cuſtom even in the moſt abſurd things. 
The Places of moſt of the Fixed Stars are now (from the Obſer- 
. vations of Mr. Flamſtead and Dr. Halley) known to a very great Ex- 
' attneſs ; but this, how great an Improvement ſoever it might be in 
Aſtronomy, could be but of little uſe in Navigation, till ſuch time 
as we had ſome better and more certain Methods of taking the Alti- 
tudes of Stars at Sea. I hope therefore that my new FORE-STAFF 
Li will be thought an uſeful Improvement; and I may venture to ſay, 
that by this Inſtrument the Latitude may be found at Sea in the Night, 
to above twice the Exattneſs of what could be done by the common 
Fore- Staff. And as the Altitudes taken by theſe kind of Inſtruments 
muſt be under a certain Limitation, and People not ſo well skilled 
in Aſtronomy, are ſometimes at a loſs to find proper Stars for their 
purpoſe ; I have contrived a Table of the Places of the moſt noted 
Fixed Stars in ſuch a manner, as to ſhew by Inſpection which is the 
propereſt Star for Obſervation in all Places, and at all Times of the 
Tear : The Stars in the Heavens may be eaſily diſtinguiſhed one from 
the other, by my Hemiſpheres publiſhed by Mr. Senex. So that by 
theſe Helps the ingenious Mariner can never be at a loſs for finding 
his Latitude in any clear Night which, how great an advantage 
that one Article alone may be in Navigation, thoſe who have had 
the Sun in their Zenith, or been failing to our Channel in dark Win- 

ter Days, may eaſily judge. 

The Table of the Sun's Declination IT have likewiſe ſo contrived, 
as to ſhew by Inſpection the allowance that ought to be made for IF 
the daily Difference, under different Meridians; which being ob. bk. 
1 ſometimes prevent a conſiderable Error in finding the 
Latiuae, 
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The Tables of Logarithms, Artificial Sines, &c. Meridional Parts, 
and Difference of Latitude and Departure, being already in moſt Peo- 


ples hands, are here omitted. And indeed theſe Tables being in a 


manner of univerſal Uſe, ought to be either printed along with a 


perfect Treatiſe of Trigonometry, or elſe (which is more proper) to 
be had in a Volume by themſelves. | 


The fourth and laſt Chapter relates more immediately to the practi- 
cal Rules and Methods uſed at Sea; concerning which ] have been 
very particular, and I hope made ſeveral Improvements which will 
be of great advantage, if put into practice. 


As the common Sca-Compals is the greateſt help for guiding the 


Ship in the immenſe Ocean, I have been very particular concerning it; 
and if People will have this Inſtrument made according to the Direc- 


tions I have given, there is no doubt but That one Article alone will 
be of very great advantage in Navigation, What I have ſaid con- 


cerning the Log-Line, is no more than what had been done often enough 
before; tho ſome People perſiſt to divide it erroneouſly even to this day: 


But I muſt acknowledge that the Log is at the beſt but a poor gueſs for 


eſtimating the Diſtance run; tho it is undoubtedly the beſt that has hi- 


therto been prattiſed. If People will obſerve the Method I have ſhewed' 
for finding theLee-Way, 1 am ſure That will be one great help to them, 
towards keeping better Reckonings : And yet it were to be wiſhed we 


had till ſome better Method for determining that important Article. 
The Knowledge of the Magnetick Variation ig undoubtedly. of the 


greateſt Importance in Navigation. Tet it is very ſurprizing that 


no better Contrivance has been hitherto found, for obtaming it, than 
the common Azimuth-Compaſs: By which Inſtrument. it is hardly 


practicable to obſerve within half a Point, notwithſtanding the pre- 


tended Accuracy of ors People in obſerving the Minutes of Degree. 
And whoever conſiders the Nature of the ſaid Inſtrument, and to what 
Exacineſs it is poſſible to obſerve by it, need not at all be firpized that 
the Theory of Magnetiſm appears ſo intricate and difficult. 


The new AZIMUTH-CoMPass deſcribed in this Book, being [0 con- 
trived as to be kept from being diſturbed by the yawing of the Ship, 


1 preſume is no ſmall Improvement in Navigation: And J do not 
doubt but that the Variation may be found by this Inſtrument to a 


ſingle Degree, or leſs ; which is more than ſuſſiciently exact for 


common Uſe, and would be of great help in Eaſt- India Voyages for 
e/timating the Longitude, f the State of the Variation in the Southern 


Parts. 
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Parts of the World was but better known. However, (as the Know: 
ledge of the Variation is of that Importance, that without it the Courſe 
cannot be determined) if this Inſtrument be made uſe of, it will be of 
no {mall help to all thoſe who go to Sea, and we may ſoon expect 4 
better Account of the State of Magnetiſm in all Parts of the World, 
than we have had hitherto. . 

But however this Agimuth-Compaſꝭ, and the new Fore-Staffabove- 
mentioned, may be approved of ; I hope that none will offer to make 
or ſell them without my Privity and Conſent.] 

In the laſt Section the Rules delivered throughout the Book, are 
in a manner ſummed up, and applied to Practice; and I preſume that 
the Method 1 have ſhewed for keeping a Sea-Journal, is far more com- 
modious, and leſs liable to Error, than any other hitherto practiſed. 


Thus have I given à ſhort Account of the enſuing Treatiſe, which 
1 have endeavoured, according to the beſt of my Abilities, to render 
plain and uſeful to the ingenious Mariner. And I thought it incum- 
bent upon me to take notite of every Particular which might be o 
uſe in Navigation, however trifling it might ſee to be to others. My 
Deſign in the Whole being to treat of ſuch things as were of real 
Service, without any Oſtentation of entering into abſtruſe Matters, or 
treating of things barely — which ſome Writers are but too 
fond of to the no ſmall Diſcouragement of Beginners, and People of 
ordinary Capacities: And as it is difficult to prevail upon People to 
leave any old Cuſtom, however erroneous ; I have been ſometimes very 
plain in ſhewing the Abſurditics of ſome things; which as they are 
eneral, and do not concern any particular Perſons, I hope none 
ow reaſon to be offended at, eſpecially as detecting of 2 Errors 
could be of no perſonal Advantage to me. | 
To conclude, I wiſh that what I have here offered may be throughly 
conſidered, and put into practice; and then there will be no room 
to doubt but that Mariners will ind a much greater Certainty in their 
Reckonings than hitherto. bs 
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CONTALNING 


Some few GroMETRICAL PROPOSITIONS, 


chiefly relating to Plain Triangles. 


CHAP. I. 


— _ 
5 y 


- * f 


S E ty A; I. 
Geometrical Definitions. 


H E whole Subject of Geometry is concerning Magnitudes ; of 

which there are three Kinds, or Species, viz. 1. A Line, 
which is only Length, without either Breadth or Thick- 
neſs. 2. A Superficies, having Length and Breadth, bur no 


Thickneſs. - 3. A Solid, having Length, Breadth, and 
Thickneſs. 


| [Note, All the Figures referred to in this Chapter, are in Plate 1.] | 
1. A Richr LINE is the neareſt Diſtance between two Points: Or, 
20 Which lies evenly betwixt its terminating Points, as the Line CD, 
ig. 1. 


2. A Plain SopRrierkEs is that which lies evenly betwixt its Extreams, 
(as a ſmooth Table, or poliſhed Glaſs, Cc.) 
B 


3. A 
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Fig. 1, 


The INTRODUCTION. Chap. 1. 


3. A Cixcis is a Plain Figure ordinarily deſcribed by a Right Line taken 
within a Pair of Compaſſes, one Extream thereof being kept fixed while the 
other is turned quite roufifl tb the Place where the Motion firſt began: The 
Fixed Point is called the CEN TEA; and tht Line deſertbed by the n Ettream, 
is called the CixeuMtERENnCE, or the Pztidheky. 0 | 

4. The Ravivs of any Grele is the Right Line wherewith it is ace 
to be deſcribed: Or, the RadMs is AH Jet Line druwyn from the Center 
to the Circumſerence, as the Lines & A, CD, C8, G&G. 

5. The Diamtrtk is a Right Line drawn through the Center, and con- 
tinued on both Sides to the Circumference ; thereby dividing the Circle in- 
to two equal Parts, as the Lines AB, and DE. 

6. A Semicircle is a Figure contained under the Diameter A B, and that 
Part of the Periphery A DB, or A EB, which is cut off by the Diameter. 
7. A QuapkanT is half a Semicircle, or one fourth Part of the whole 
Circle, as the Fig. AC D, or DCB, &c. 

8. An Arca of a Circle is any Part or Portion of the Periphery, as ADS, 
AEBS, @c. | 

All Circles, however large or ſmall, are commonly underſtood to have 
their Peripheries divided into 360 equal Parts, called Degrees; and each 
Degree is either actually, or imaginarily ſubdivided into 60 equal Parts, 
called Minutes; each Minute into 60 equal Parts, called Seconds, and fo on 
ſexageſimally into Thirds, Fourths, &c. ol 

9. A Plain Axl is made by the Concourſe of two Right Lines 
lying upon the ſame Plain, ſo as not to make one Right Line: The Point 


where the Lines meet, is called the Angular Point; and the two Lines which 


2 the Angle, are called the Legs, or the Containing Sides of the ſaid 
ngle. | 


The Meaſure of an Angle is an Arch of a Circle deſcribed from the An- 
gular Point, and which is intercepted betwiat its Legs; ſo the Arch AB, is 
the Meaſure of the Angle made by the two Lines CA and CB; whence 
an Angle is eſteemed greater or leſſer, according to the Aperture of its 
Legs, or the quantity of the Arch intercepted between them: And if the 
Legs CA, CB, be made either longer or ſhorter, the Angle between them 
will ftill remain the ſame ; for the Arches AB, ab, ab, do all contain the 
ſame Number of Degrees. i: 

Note, An Angle is uſually expreſſed with three Letters, whereof the middlemoſi 
denotes the Angle, as in Fig. 2. ACE denotes the Angle made by the Lines 
CA, CE: But when there are but two Lines meeting in the ſame Point, 
it may be expreſſed by a fingle Letter, as the Angle C, Fig. 1. 

All Angles are either, Right, Acute, or Obtuſe. 


Io. A Right Angle, is that which is equal to a Quadrant, or 90 Degrees, 
as ACD, or DCB, Fig. 2. 


11. An 040% N Angle is that which is Lefler than a Right Angle, 


1 Greater 
TE CB, 1 F 2. Note, 


Sect. 1. - Geometrical, Definitions. 


| Note, Both Acute aud Obtuſe Angles are in general Terms called Oblique An ples; 


Note, When a Circle, or Part of it is mentioned with regard to any Angle, there is 
meant only its Periphery, or an Arch thereof; as in the toth Definition by 
' a Quadrant is meant only 4 Part of the Periphery of the Circle, or 90 De- 


- 
- 
. 


rees, and not the + Part of its Area or Superficies, A 
A Line in reſpect of its Poſition with another may be either Parallel, 
Perpendicular, or Oblique to it. 


12. Parallel Lines, are ſuch as are every where equidiſtant from each 


other, and if infinitely produced would neither approach to, or recede from 
one another, as the Lines ab, cd. Fig. 2. 


” : 


S — » 7 


14. A Plain Triangle is a Figure comprehended under three Right Lines 
called Sides. | | 
Triangles are denominated either by their Sides or Angles. 
1. By their Sides. 


all its SI an Equilatera !) 
15. If a Triangle hath? only L + Sides equal Ci iS ates) an 1ſoſceles 5 
| all three Sides unequal La Kalene 


Trian ”_ B. CF; 7 
F C. D K 


2. By their Angles. 


| Right (a Right 
16.1faTriangle bangen Angie T Obtuſe eit 15 eue Obruſe 6 Angled 
all its Angles Acute Lan Acute) 


a Note, A# Triangles that are not right-angled, whe- 
Triangle, as D. >Fig. 3. ther they are Acute or Obtuſe-angled, are in general 
A.B. Tow called Oblique T riangles, without any other 
; iſtinction. 
Note, In a Right- Augled Triangle, as Fig. C. N'. 3. the Side BC, op- 
poſite to the Right Angle, is called the Hypothenuſe; B A, the Baſe; and 
CA the Cathetus or Perpendicular. 

N. B. The following Definitions are all referred to, Fig. 4. E 

17. A Cnord is a Right Line joining the Extremities of an Arch: 
So the Right Line SF, is the Chord of the Arches S B F and S A F, alſo 
AS is the Chord of the Arches ADS and AE BS. 

18. A Riohr Sixx is a Right Line drawn from one Extream of an Arch 
perpendicular to the Diameter paſſing through the other Extream; or, it is 
half the Chord of twice the Arch: Thus SV is the Right Sine of the Arches 
SB and S DA. Hence it appears that the Sine of a Quadrant or 90 De- 
B 2 8 grees, 


3 


The INTRODUCTYFON. Chap. I. 


grees, (which is equal to the Radius) is the greateſt of all sies; the Sine 
of an Arch greater than a Quadrant, being leſs than the Radius. 

19. A VerstD Sixx is a Part of the Diameter intercepted between one 
Extream of an Arch, and the Right Sine falling upon it from the other 
Extream; ſo VB is the Verſed Sine of the Arch SB, and VA the Verſed 

Size of the Arch SDA. 

20. A Taxcenrt of an Arch is a Right Line drawn perpendicular from 
the end of the Diameter paſſing through one Extream of the Arch, and ſo 
continued until it meets with the Radius produced thro* the other Extream: 
Thus BT is the Tangent of the Arches BS and ADS. 

21. A Stcaxrt of an Arch is a Right Line drawn from the Center thro! 
one Extream of the Arch, and continued until it meet the Tangent of the 
ſaid Arch: Thus CT is the Secant of the Arches BS, and ADS. 

22. The Difference of an Arch from a Quadrant, whether it be greater 
or leſs than a Quadrant, is called its CompLemenT: So DS is the Comple- 
ment of the Arches SB, SDA; whence RS is the Sine Complement of the 
ſaid Arches SB, SD A, (becauſe it is the Sine of DS) alſo DG is the 
Tangent Complement, and CG the Secant Complement of the ſame Arches, 
SB, SDA; which for Brevity's ſake are uſually expreſſed, Co-Sine, 
Co-Tang ent, and C- Secant. 

23 T he Difference of an Arch from a Semicircle is commonly called its 
Supplement. Hence, and from Def, 18, 20, and 21, every Arch and its Sup- 


plement have the fame Right Sine, Tangent, and Secam, common to them 


both. But, 


The VERSE D Sing of an Arch T- than a Quadrant, 18 equal to 


the == def the Radius and Co-Sine of the Arch: S0 A C and CV 
(which is equal to RS tlic Co-Sine of SB, S A) together are equal to 


AV, the Verſed Sine of the Arch SDA; and CB 2 1 7 CV is Wen 
to V B, the Verſed Sine of the Arch SB, © 


An Explanation of ſome few Smbols, which for REQ, "EP are leine, 
uſed in the enſuing Treatiſe. 


Symbols. Significations, | Symb, © Sienifications, 


an as A=PB ſignifies that A and BA A Triangle. 
are equal, LE Ho Angle. 
Addition, as A+B fignifies that B muſt be] R. adius. 

4 added to A. . F 8. Sine. 

+ Ted flo as A- fienifies that B is C. S. Co-Sine. 
to be alſtracted from A. T. Tangent. 
Proportion ; or that commonly called the | C. T. Co- Fangent. 
Rule of T. hree, aud :: is always placed be- | |. ecant. 

2: twixt the w- middle Tarms in Pr 0portion, C./. Co-Secant. 
Thus A: B:: C: D, is to be read, as AZ Sum of the Angles. 
10 B. ſo is C10 D. Ymb. 


LA 
p 
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q Square ; as Aq fignifees the Square of A. X 25 Difference of the 


Prob. II. To raiſe a Perpendicular C A, upon the End of a given 


as to b, and from the Point b as a Center, deſcribe an Arch greater than rig. 


. Significations. Symb. Significations, 


: Square Root, as VA“ /ignifies the ſquare Angles. 
* 4 Root of A. L A Perpendicular. 
o / being put over any Number, do ſignify Degrees and Minutes, as 


249 30', is 24 Degrees and 30 Minutes. 


SE T. IL 


Geometrical: Problems; the Conſtruction of the Plain Scale, and 
its Uſe in protracting and meaſuring of Triangles. 


Prob. I. Upon the Middle of a given Line AB, to raiſe a Per-. ig. 5. 
pendicular CD. | 


127 K E with a Pair of Compaſſes any Extent greater than half the 
given Line, and from the Extreams A and B deſcribe two ſmall 
Arches, ſo as to interſect each other both above and below the Line, as at D 
and E; then a right Line drawn by the Side of a Ruler laid over the 
Points where the Arches interſect, from D to C, is the Perpendicular required. 

By this Problem any finite Right Line, as A B, is divided into two equal 
Parts in C. In like manner a Circle is divided into four equal Parts ; thus, 
having drawn the Diameter A B through the Center C, draw the other Di- x;,. 
ameter DE, crofling the former at Right Angles (as above) and the Cir- 

cle is divided into er equal Parts, as was required. | 

To eref# a Perpendicular from any Point as C, in a given Line AB; take 
any Diſtance, and lay the ſame on cach ſide the given Point C, as to Fig. 
a and b, and from theſe Points deſcribe two imall Arches interſe&ing each 
other, as at D, and draw DC, which is the Perpendicular required. 


Line BA. 


With any extent A a deſcribe an Arch ad, then lay off the ſame extent He. 
from a to b, and from b to d; from the Points b and d, deſcribe two ſmall 
Arches interſecting each other at C, and through the Point of interſection 
draw the right Line CA, which will be the Perpendicular required. 

Or if you can't go fo far as d, lay a Ruler over the Points a and b, and 
mark where it interſects the Arch which was deſcrib'd from 6,. and thro” 
that InterſeRion draw the Line C A as before. | | 


Or take any diſtance and lay it ſomewhere from A above the given Line, 


D* 


— 
, 


a Semicircle as aA C; then thro' the Center b and. the Point a (where 296 
azd 
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ſaid Arch croſſes the given Line) draw a right Line à C until it croſſes the 
Arch in C; a Line C A drawn thro' the Point of interſeCtion C, is the Per- 
pendicular required. This Method may be readily put in practice by a 
Ruler and a Pair of Compaſſes, without deſcribing any Arch; for, having 
taken any Extent, and laid it ſomewhere from A to b, keep fix d that Foot 
which is in b, and turn the other about until it falls upon the given Line, 
as at a; the Compaſſes reſting in this Poſition, apply a Ruler cloſe to its 
Legs, and keep it fix d while you turn the Foot which is in a, until it tou- 
ches the Ruler in C; a Line drawn from C to A, will be the Perpendicular 


required, as before. 


| Prob. III. From a Point given C, to let fall a Perpendicular upon 
Fig. 8. a given Line BD. | . 


© WIS we. 
* 


* ©, 
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From C deſcribe an Arch that ſhall cut the given Line in two Places, as 
in a and b; then from the Points a, 6, deſcribe two Arches interſecting 
each other in d: a Ruler being laid from c to d, by the Edge thereof draw 
the right Line C D, which will be the Perpendicular required. - | 

Fig. 7. Or, fromthe Point given c, draw any right Line Ca, which biſect in &, 
then with the extent bc or b a deſcribe an Arch interſecting the given Line 
B D as in A; then CA is the Perpendicular required. 


| Prob. IV. Through a Point given C, to draw a right Line Parallel 
* to another given Line AB. 


From the Point given C, take the neareſt Diſtance (as Ca) to the given 

Line A B, then with that extent from ſome Point, as 6, near the End of the 

given Line, deſcribe an Arch; a right Line C D drawn thro' the Point C, 
ſo as to touch that Arch, will be the Parallel Line required. 

Or, from the given Point C, with any extent C D deſcribe an Arch; 
then from ſome Point, as a, taken in the given Line A B, lay oft the ſame 
Extent from a to b; take the Diſtance a C, and with that Extent from 6, 
deſcribe an Arch interſecting the former as in D; a right Line CD drawn 
through that Interſection and the Point given C, will be the Parallel Line 


required. 


* Prob. V. Having three right Lines BC, AC, AB given (whereof 
5.1% it is neceſſary that any two be greater than the third) zo conſtitute a 


Triangle. 


Take either of them, as AB, and from the Extreams thereof A and B, 1 
with the other given Lines deſcribe two Arches interſecting each other in | 
C, and join A C and BC; then is ABC the Triangle required. 8 

If all the three Right Lines had been equal, the Triangle would have 1 
been Equilateral; or, if two only had been equal, it would have been an "= 
Thoſceles Triangle, 1 


«% g 
ö . 
7 by: $ " ' 


| 
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Hence, it is evident how an Equilateral Triangle may be made upon any 
deiven Line; and alſo how to make an Iſaſceles Triangle, whoſe Baſe and 
Legs ſhall be equal to two given Lines. . 


7 


Prob. VI. To make a rectangled Parallelogram AD, whoſe Sides ſhall bv. ir 

pt be equal to two given Lines A,B. ee” 
Note, A Parallelogram is a Quadrilateral Figure, whoſe oppoſite Sides 

are Parallel, and likewiſe its oppoſite Sides and oppoſite Angles equal. 


If all the Sides are equal and its Angles} 25 + i+ is called 8 1 
But if it has only two Sides equal, if the Angles are 0e it is called a 


J Rettangle or e 

 CRhomboides, | 

Having drawn the Line AB equal to the given one B, erect the 
LAC=A, then from the Point B with the length A B, deſcribe an Arch; 
alſo from C with the length AB, deſcribe another Arch, interſecting the 
former in D, and draw the Lines CD and BD; then is the Figure 
AD the Parallelogram required. F 


Prob. VII. To conſtruct the Lines of Chords, Sines, Tangents, 
Secants, and Semitangents. 


1. With the Radius you intend for your Scale, deſcribe a Semicircle Eg. 13. 
ADBC, and upon the Center C raiſe the Perpendicular CD (which will 
divide the Semicircle into two Quadrants AD, B D;) continue CD di- 
rely to 8, and upon B raiſe the Perpendicular BT; then draw the right 
Lines B D and AD. | 

2. Divide the Quadrant BD into 9 equal Parts, then will each of theſe 
Diviſions be 10 Degrees. Again, you may ſubdivide each of theſe Parts 
into ſingle Degrees, and theſe again, if your Radius will admit of it, into 
Minutes, or elſe into ſome aliquot parts of a Degree greater than Minutes. 
1 3. Set one Foot of the Compaſſes in B, and transfer each of the Diviſions 
= in the Quadrant BD, to the Right Line BD; then is B Da Line of Chokps. 
4. From the Points 10, 20, 30, &c. in the Quadrant B D, draw Right 
Lines parallel ro CD till they cut the Radius CB; then is the Line CB 
divided into a Line of Sinxzs ; which muſt be numbred from C towards B. . 

5. If the ſame Line of Right Sines be numbred from B towards C, it will 
become a Line of VERSED Six RSH; which may be continued to 180 Degrees, 
if the ſame Diviſions be transferred on the other Side of the Centre C. 

13 6. From the Center C, through the ſeveral Diviſions in the Quadrant 
bl BD draw right Lines till they cut the Tangent BT; fo will the Line B T 
28 become a Line of Taxcenrs. | 
"8 7. Setting one Foot of the Compaſſes in C, extend the other to the ſe- 
1 veral Diviſions 10, 20, 30, Cc. in the Tangent Line B T, and an theſe 

| tents 
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Extents ſeverally into the Right Line C'S; then will the Line C'S be a Line 


of SECANTS. | 82 
8. Right Lines drawn from A to the ſeveral Diviſions ro, 20, 30, c. in 


the Quadrant BD, will divide the Radius CD, into a Line of SEMI- 


TAN C CEN TS. n TY 
9. Divide the Quadrant A D into 8 equal Parts, and from A tranſ- 
fer theſe Diviſions ſeverally into the Line AD; then is AD a Line of .Rhumbs; 


each Diviſion therein anſwering to 11* 15/ upon the Line of Chords, The 


uſe of this Line is for protracting and meaſuring of Angles, according to 
the common Diviſion of the Mariners Compaſs. V ES 
If the Radius A C be divided into 100, or 1000, &c. equal Parts, and 
the Lengths of the ſeveral Sines, Tangents and Secants, correſponding to the 
ſeveral Arches of the Quadrant, be meaſured thereby ; and theſe Numbers 
be ſet down in a Table, each in its proper Column ; you will by this means 
have a Triangular Canon of Numbers, by which the ſeveral Caſes in Trigono- 
metry may be reſolvet. er a S | : 


The Right Lines graduated as above, being placed ſeverally upon a 


Ruler, as in Fig. 14. do form the Inſtrument called the Prain-Scars ; by 
which the Sides and Angles of all Triangles may be readily meaſured. 

All Right Lines (as the Sides of Plain Triangles, &c. when they are con- 
ſidered ſimply as ſuch, without having any relation to a Circle) are mea- 
ſured by Scales of equal Parts ; one of which Parts is ſubdivided equally in- 
to 10, and this ſerves as a common Diviſion for all the reſt. In moſt Scales 
an Inch is taken for a common Meaſure to determine their Largeneſs; and 
the Number of Partsthat an Inch is divided into, is generally ſet at the End 
of the Scale: As in the Scales A, B, and C, the Numbers 12, 20, 30, do 
ſhew that ſo many Parts of the Scales A, B,.C, are contained in an Inch. 

By any Scale of equal Parts, divided as above, any Number, leſs than 
100 may be readily taken; but if the Number ſhould conſiſt of three Places 
of Figures, the Value of the third Figure can be only gueſs'd at; wherefore 
in theſe Caſes, it is beſt to uſe ſuch a Scale as D, called a Diagonal Scale, 
by which any Number of three Figures may be exactly found. 

Having prepared a Ruler of a convenient Breadth for your Scale, (which 
may be an Inch more or leſs) firſt, near the Edges thereof, draw two Right 
Lines a ,, c, parallel to each other; then divide one of theſe Lines, as a %, 
into equal Parts, according to the Largeneſs you intend your Scale, and 
thro” each of theſe Diviſions draw perpendicular Right Lines, as far as 
the Line cg ; next divide the Breadth ac into 10 equal Parts, and thro? 
each of theſe Diviſions draw Right Lines, parallel to the former af, c g. 
Again, divide the Lengths a b, c d, each into 10 equal Parts, and from the 
Point d, to the firſt Diviſion in the Line ab, draw a Right Line; then pa- 
ra. lel to that Line, draw Right Lines thro' all the other Diviſions, and the 
Scale 1s done. 

Of the Lines upon the Plain Scale we need only the Line of Chords, and 
that of Equal Parts, for Meaſuring the Sides and Angles of Plain Tri- 

| 2 angles; 
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angles: How to uſe theſe ſhall be ſhewed in the two following Pro- 
blems. 


Prob. VIII. To lay off, or to meaſure an Angle by the Line 
of Chords. 


1. Let it be required to make an LB AC, with a given Line AB, of Fg. 12. 
any number of Degrees; ſuppoſe 40 Deg. With the Chord of 60 De- 
grees (A a) from the Angular Point A, deſcribe an Arch Ac; then from 
the ſame Line of Chords take 40 Degrees (the number given) and lay it 
from a to b, and through the Point “ draw the Right Line AC; then is 
BAC the Angle required. 

2. If the Angle BAC be given to be meaſured ; With the Chord of 60 
Degrees from the Angular Point A deſcribe an Arch as before; then take 
the Length of the Arch ab, intercepted betwixt the Legs AB, AC, and 
apply it to the ſame Line of Chords, ſetting one Foot of the Compaſſes in 


the beginning ; and the Point where the other falls, gives the number of 
Degrees the Angle contains. 


Note, The Reaſon why the Arch muſt be always deſcribed with the RR of 
60 Degrees, is, becauſe that is the Radius of the Circle which ihe Line of 
Chords will divide into Degrees, &c. 

When the propoſed Angle is Obtuſe, if your Line of Chords reaches 
no farther than 9o Degrees, having deſcribed an Arch ad, as before, (large 
enough) the Angle muſt be laid off or meaſured at twice; let the Angle be 
130 Degrees, ſet off the Chord of 60 from a to h, then take the Chord 
of 70 (the Remainder from 60 to 130) and lay it from b to c; then is 
BAC the Angle required. | 

In like manner you muſt have proceeded, if the LB A C had been given 
to be meaſured ; thus, take ſome even number of Degrees, (large enough) 
wiz. Co or 90, and lay it from a upon the Arch ad, and from that Point 
whereon the Compaſſes falls, take the neareſt diſtance to the Point c, 
(where the Arch interſects the Line A C) and apply that extent to the 
Line of Chords, and ſee what number of Degrees it reaches to; then 
that Number added to the Number firſt laid oft, gives the quantity of the 
B A C required. 

All Angles are moſt readily laid down, and meaſured by an Inſtrument 
called a Protractor: But the Deſcription and Uſe of a particular Protractor 


contrived for the Uſe of Mariners, ſhall be ſhewn in Chap. II. Sect. 2. of 
Navigation. 


Prob. IX. To lay down or to meaſure a Side (or a Right Line) 
of any number of Parts. 1 55 


I, Let there be an Indefinite Right Line A b, and it be required to lay Fig.12; 
off 456 Parts from A to h: Having fixed upon the Scale, by which 2 
C inten 
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intend to protract the Figure, (for there is no matter which Scale it is, 
ſo that you uſe the ſame in meaſuring all the Sides of that Figure:) for 
Example, we'll here take the Scale 20 ; ſet one Foot of the Compaſſes in 40, 
(which in this Caſe ſtand for 400, and conſequently the ſmall Divifions 
at the end are each of them 10) and extend the other (as near as you can 
eſtimate) to xs of the Diſtance between 5 and 6, and that Point is 56 ; 
and therefore the whole Extent between the Compaſſes is 456, which lay 


off from A to B; then is A B the Line required, 
If the Diagonal Scale be uſed, this Number may be taken off to the 


reateſt Exactneſs; thus, ſet one Foot of the Compaſſes in 4 on the Side of 


the Scale, and carry it along that Line until jr comes to the 6th parallel 
Line; then extend the Compaſſes from that Point, to the Point of inter- 
ſe&ion of that Parallel, and the Diagonal marked 5 at the top, (ſtanding 
in this Caſe for 50) and that Extent is 456, the Length required ; which 
may be ſet off from A to B, as before. 
if the Line A B be given, to find the number of Parts it contains, ac- 
cording to any given Scale ; take the Length thereof between the Com- 
paſles, and apply that Extent to the Scale, ſo that one Foot being placed in 
one of the large Divifions, the other may fall among the ſmall Diviſions: The 
Number contained between the Feet of the Compaſſes, ſhews the Length 
of the Line in parts of that Scale. 

Or, if you uſe the Diagonal Scale, ſet one Foot of the Compaſſes in ſuch 
a one of the large Diviſions, that the other may fall upon the Diagonals at 
rop; then carry both Feet parallel to the fide of the Scale, until that 
which is at top interſects one of the Diagonals: And that Extent ſhews 
how many Parts (of that Scale) the Line contains (being rightly counted 


according to the above Directions.) 


SECT. i 


The Uſe of the Logarithms, of Natural Numbers; of the Artificial 
Sines, Tangents, and Secants ; of the Sliding Rule, and Gunter's 


Scalc. 


1 are Numbers that differ Arithmetically, as the Numbers an- 
ſwering them differ Geometrically ; and ſo perform Multiplication by 


Addition, and Diviſion by Subſtraction, Cc. 
It would be too tedious here, and alſo foreign to the Deſign of this 


Book, to ſhew the various Uſes of Logarithms, or the Methods of con- 


ſtructing them; I ſhall therefore only ſnew their Uſe in working a Pro- 
portion in the Rule of Three, which is ſufficient for our preſent Purpole. 
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Se. 3. The Uſe of the Logarithms, &c. 


I. Of the Logarithms of Natural Numbers, or Numbers increaſing 


in their natural Order. 


Every Logarithm hath a Charatcteriſtick, or an Index belonging to it, and 
which is always an Unit leſs than the Number of Places in its correſpon- 
dent abſolute Number, thus ; 


Units, 0 F 8 
Tens, 1 Indices 5 4 3 2 1 © 
The Index of Hundreds, ꝙ is 2 PAs in this Examp. | | | | | }: 
Thouſands, 3 Numbers 8 7 6 © 5 2 
Cc. = = = 


Here the Laden of the firſt Figure 2 is o, of 5 is 1, of o is 2, of 6 is 3, Cc. 


To find the Logarithm anſwering to any given Number. 


The Logarithmetick Tables that are now moſtly uſed, are made to reach 
from 1 to 10,000: The firſt Page generally contains the Logarithms of 
all whole Numbers leſs than 100; wherefore, if the given Number does 
not exceed two Places of Figures, you have the Logarithm placed right 
againſt it in the firſt Page of the Table, thus: ns 


'The Logarithm of 1 T3 is 4 0.77815 0 If the Number conſiſts of three 


1.41497 

Places of Figures, look for it in che fefichand Column of the Table, under 
Numb. and the E.. is tound right againit it in the Column un- 
der o; 1o the Logarithm of 246 is 2.390935, of 864 is 2.936514. If 
the Number conſiſts of four Places, ſeek the three firſt Figures under 
Numb. as before, and the laſt Figure on the Top, under which lineally 
againſt the three firſt Figures, you have the Logarithm required. For 
Example, the Logarithm of 3456 is 3.538574; finding 345 under Numb. 
againſt it in the Column under 6, is the Logarithm above; ſo the Lo- 
garithm of 5672 is 3.753736; of 8608 is 3934902, Tc. 

Note, Dou muſt not regard the Index in the Table, but you are to conſider the 
number of Places the given Number confiſts of, and make your Index ac- 
cordingly ; which muſt be always ſeparated from the Logarithm by a Point, 
as in the Examples above. 

The Logarithm of a Faction being a Decimal, is the ſame with that of 
an Integer, only the Index is Negative, and is ſo much leſs than o, as the 
place of the Decimal is removed from Unity; and theſe Indices may be di- 
ſtinguiſhed from the abſolute Ones, by ſetting a Negative Sign over them: 


Indices 2 10 98 7 6 5 ) Here you ſee the Indices of the 
| { | | abſolute Numbers are the fame 
2 5.6 7 


As for Examp. 1-11 
Numb. 6 7 6. 8 as was ſhew'd before; of the 


firſt place of Decimals the Index is 5, of the ſecond place &, of the third 7, Oc. 
ä Another 
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4568 3.659726 

| 456.8 2.659726 | Here you ſee the Logarithm 
45.68 ———1,659726 [is the ſame, only the Index 
Another Examp.« 4.568 0.659726 pdiffers according to the Value 
4568 9.659726 | of the left hand Figure. of the 
4568 8.659726 | given Number. | 

. ,004568--7,659726 | . 
By the above Directions the Logarithm of any Number not exceeding 


4 Places of F igures, may be readily found, to which muſt be ſubjoined its 
proper {adex ; which is ſufficient for common Uſe. 


II. O F the Artificial Sines, Tangents, and Secants. 


The Artificial Sines, &c. are only the Logarithms of the Natural Sines, &c: 
What the Natural Sines, Tangents and Secants are, may be underſtood from 
what has been ſaid of the Conſtruction of the Plain Scale. | 

The Artificial Sines, &c. have their proper Indices prefixed to them in the 
Table, and which never alters, becauſe Degrees and Minutes always re- 
rain the ſame Value. In the common Tables, every Page is divided into 
8 Columns, the firſt and laſt of which contain the Minutes of every Degree, 
and the other ſix the Logarithmetical Sines, Tangents, and Secants of thoſe 
Degrees and Minutes. 


The hits Chand Column of each Page Lone Emin, at the Head 
0 


Bottom 
of the Table, contains the Minutes of thoſe Degrees which are 


leſs 7 1 q * NeſcenÞ 2 | 
greater than 45 Degrees, and increaſe in their: Aſcent J from © to 60 
Minutes. 


To find the Sine, Tangent, and Secant of any given Degree and 
Minute. 


If the Degrees be leſs 7 than 455, they are found in thoſe Columns 


more 
— of the Table. 


Ex amp. Let it be required to find the Sine, Tangent and Secant of 279 357. 
Look for 27 Degrees on the Top of the Table, and in the firſt Column of 
the right-hand Page, you'll find 35 under min. againſt which, and under 
S ne you'll find 9.665 617, under Tang. 9.718017, and under Secant 10.05 2400; 
which are the Lg. Sine, Tangent and Secaut required. How to find the Log. 
Sine, &c. of any other Deg. and Min. is ſo plain and eaſy, that we need no 
other Example. 

You may cbſ{crve, that the Columns mark'd Sine, Tangent, Secant, at the 
Head and Bottom of the Table, are Complements to each other: abs 

fore, 


which have the Words Sine, Tangent, Secant, at the 


Sect. 3. The Uſe of the Logarithms, &c. 
fore, to find the C- Sine, &c. of any Number of Degrees and Minutes, ſeek 


for the Place of the Right Sine, 8c. as above, and right againſt it in the next 
Col. you have the Co- Sine, &c. required. | 


pr 7 Work a Proportion by the Logarithms. 
Add the Logarithms of the ſecond and third Terms together, and from 


the Sum ſubſtract the Logar. of the firſt Term; the Remainder is the Lo- 
garithm of the fourth Term required. 


Examp. 1. If 36 Yards, coſt 3 J. what will 60 Yards coſt ? 


Logarithms, 
iſt Term 36—1.5 56302 
2d Term 3—0. 477121 
3d 7m 6— 1.77815 1 


— — 


2.255272 The Sum of the Logarithms of the 24 
| — and 3d Terms. 
4th Term reꝗd. 5—0.698970 Logar. of the 4th Term. Being the diff. 
—— of the Log. of the firſt, from the Sum 
of the Log. of the 2d and 3d Terms. 


Examp. 2. As the Radius —— 10.000000 Here you ſee when the Radius is the 
W | —— Term, you need only add the 


To the Sine of 36% 2/—=9.778119 Log. of the 2d and 3d Terms to- 
So is any Side of 3v pro: 2.454444 gerber, and from the Sum cancel 


JS — the left hand Fig. (which is the 
To a Side of 53.99 — 11.732361 Kad. )and that is the Log. required. 


Examp. 3. As the Tangent of 5 1*10/—10.094215 Here you may alſo ſet down 


— — the 4th Log, at once, by ſub- 
Is to the Radius — 10. ſtracting the 1ſt Log. from 
So is 76.4 ——_— — 1.883093 the Log. of the 3d Term, 


| Ta 61.5 — 1.788878 
Examp. 4. As the Co- Sine of 38* 500 — 9.891523 


to be added to it.) 


To the Sine of 380 5 Oo — : 9.797307 

So 15 76.4 1.88 3093 
11.680400 

To 61.5 — 1788877 


* 2 ? N. B. When 


— (the Radius being underſtood 
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N. B. When the Radius is not concerned in the Operation, (as in the 
1ſt and 4th Example) you may abbreviate the Work, by taking the Arith- 
metical Complement of the Logarithm of the firſt Term, or what it wants of 


10.000000) and adding it to the Logarithms of the 2d and 3d Terms; the 
Sum abating the Radius, is the Logarithm of the 4th Term required. 


Examp. 1. 36— 8.443698 Arith. Comp. Z Exam. 4. CS. 38 5&/—5.108477 Ar. co. 


3—0.477121 8.38 3509.797307 
60— 1.778151 76.4 — 1. 883093 
5—0:698970 the ſame as before. 61.5—1.788877 


"The Arithmetical Complement of any Number is readily fet down, by 
taking the remainder of each Figure to 9, only that of the right hand to 


10; the reaſon is evident, becauſe you muſt borrow 1, after the firſt Sub- 
KraCtion every time from 10. © 


III. Of Gunter's Scale, and the Sliding Rule. 


The Artificial Lines placed upon theſe Ingruments, are the ſame with the 
Logarithms above explained; and are laid down upon the Ruler, by a Scale 
of equal parts. 

1. The Line of Numbers, commonly called Gumer's Line, is divided, firſt 
into nine unequal Parts, called Primes, marked 1, 2, 3, c. each of theſe 
Primes is ſubdivided into 10 unequal Parts, called Tenths; and each of 
theſe Tenths (either attnally ar imaginarily) into 10 other Parts, called 
Centeſms ; and theſe Centeſms may be ſuppoſed to be divided Into ro other 
Parts, &c. but moſt commonly the actual Diviſions upon this Line are; viz. 


From ! & 104 * Fevery Tenth is ſubdivided into 5 TParts, each denoting 
1 2 © Centeſms. 

25 | 8 

N. B. The 4 l Tore always in value 29 Trimes laß than their Primes. 


oo 
2. The Line of artificial Sines is numbered unequally to 90, and is com- 
1 10 


monly ſubdivided, thus; rate to joberer Degree is divided into 


30 5090 


6 (10 50 70 

3 Parts, each fignifyingy 20 Minutes. And from 70Þ toy 80 p every 

2) (300, 80), (900. 
Diviſion is 2 >Deeg. 


* 
I 
157. 


3. The 


/ Sect. 3. The Vſe of the Logarithms, &c. 


3. The Line of Tangents is numbered unequally to 45, and back again 


to 90, thus; From 4 1 7 to 1 * > every Degree is ſubdivided into 45 & 
Parts, each ſignifying\ 10 © Minutes. | 


There is alſo uſually placed upon Gunter's Scale, a Line of Verſed Sines; 
but that we ſhall make no uſe op. | | 


Note, The Divifions upon the Lines of artificial Sines, and Tangertts, al- 
ways retain the ſame Value ; but thoſe upon the Line of Numbers do alter 
according to the Value of the firſt Figure, whith being known, the proper 
Value of the reſt is eafily known; thus, when 1 upon the beginning of the 


I | 2, 3, 4, &c. 
Line ſtands for 5 ro $then the 2, 3, 4, &c. ſtand for J 20, 30, 40, e. 


100 200, 300, &c. 
10 
Units, and 1 upon the middle. ſtands fr 3 I00 dane Numbers 23, 
1000 i 


: 20, 30, | : 
&c. upon the ſecond Line, ſtand d 200, 300, dere and the 1 upon the 
| 2000, 3000, 
100 
end ſtands fr? 19000 
- 10000 3 | 
Thus knowing the Value of any Prime upon the Line, the Value of the o- 
thers is alſo known, and conſequently the Value of their Tenths and Centeſms. 


To Work « Proportion by the Artificial Lines of Numbers, Sines, 


and Tangent. 


Let it be required to work the four Examples before given, in the Uſe 
of the Logarithms. 
1. By Extenſion of the Compaſſes. 


Rule, Extend the Compaſſes either from the fiiſt Term, to the ſecond, and 
the ſame Extent will reach from the third, to the fourth Term required: Or, 
you may extend the Compaſſes from the firſt Term to the third, and the 


ſame Extent will reach from the ſecond to the fourth Term required. 


As in Examp. 1. If you extend the Compaſſes from 36 10465 Þ the ſame 


15 


Extent will reach from? E Fro 5; which is the fourth proportional Term: * 


required. 


Note, When Numbers and Sines, or Numbers and Tungents are concerned 
in the ſame Proportion; (as in the 2d, 3d, and 4th Examples) you muſt- 
| make 


— — 
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— 


— 
—— 


. — — ——ä—joũ 
———— — 


9 
2 
— - 


— 


The INTRODUCTION: Chap. I. 
make that the ſecond Term, which falls upon the ſame Line with the firſt ; 
then will the third and fourth Terms likewiſe fall upon the ſame Line. | 


Note, The Radius upon the Line of Tagan is 10 * Degrees. 


Examp. 2. Extend the Compaſſes from the, Radius to 3652“ upon the 


Line of Sines ; the ſame Extent will reach from go to 53.99 upon the Line of 


Numbers. | 

Examp. 3. Becauſe the Tangent of 5 1 10/ is greater than the Radius, 
you muſt make the Radius the firſt Term in the Proportion, and extend the 
Compaſſes therefrom to the Co-Tangent of 51 107 (or which is the ſame, to 
the Tangent of 38500 the ſame Extent will reach from 76.4 to 61.5 upon 
the Line of Numbers, which is the 4th proportional Term required. 


Note, (In the laſt Examp.) making the Radius the firft Term, Cc. was in 
eftect changing the Proportion, by making another Side Radius; which 
how to do, ſhall be ſhewed in SefZ. 2 of the next Chapter, 


R | | upwards . 8 
Note. If your ſecond Term be downwards I from, or 2 JE 


than the firſt ; then the fourth Term muſt be 1 than, or lie 


Pe 4; from the firſt. Ek 3 


Examp. 4. Extend the Compaſſes from the Sine of ; 1 10“ (becauſe that 


is the C. S. of 38 50”) to the Sine of 38® 50', and that Extent will reach 


upon the Line of Numbers, from 76.4 to 61.5 the 4th Term required. 


2. By the Sliding Rule. | 
Nite, The firſt and third Terms, muſt be always taken upon the ſame 


Plane, then the ſecond and fourth will fall upon the other: that is, if you take 
the ft Term upon the Ja you muſt alſo take the third upon the 


| | ler N. | 
2 then the ſecond and fourth will fall upon the j G4, Fright againſt 


the firſt and third Terms, upon the adverſe Planes. 


Note, When Numbers and Sizes, or Numbers and Tangents are concerned 
in the ſame Proportion, you muſt make that the third Tam, which falls un- 
der the ſame Denomination with the firſt, 
Note, When a Proportion is wholly in Numbers, or wholly in Sines; or 
partly in Numbers and partly in Sines, &c. the Sliders muſt be ſo diſpoſed 
that Numbers and Numbers, &c. or Numbers and Sines, &c. may come to- 


gether. 
Slider 


then 


Examp. 1. If you bring 36 upon the R ler TaBainſt 3 upon the 3 + 
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then right againſt 60 upon the nh you'll find 5 upon the oy 


| | Slider 
being the fourth proportional Term 4" prop er rn gn 
| ider 


Or, If you bring 36 upon the 3 Ruler F 2891nſt 60 upon the der Þ 


againſt 3 upon the 35 $ you'll find 5 upon they Sar © being the 4th 


proportional Term required. 

Examp. 2. Bring the Radius upon the Line of Sines, againſt 90 upon the 
Line of Numbers; and againſt 36* 52/ upon the Line of Sines, you'll find 
83.99 upon the Line of Numbers; being the fourth Term required. 

Examp. 3. Here (for the Reaſons given before) you muſt alter the Pro- 
portion, by making the Radius the firſt Term, and taking the Co- Tang. 
of 51107: Then, if you bring the Radius upon the Line of Tangents, 
againſt 76.4 upon the Line of Numbers; right againſt the Tang. of 38* 50 
(which is the C. T. of 51* 100 you'll have 61.5 upon the Line of Num- 
bers; the fourth proportional Term required. 3 "gy 


Examp. 4. Bring the Sine of 51* 107 (becauſe that is tlie Cor Sine of 380 
50% to 76.4 upon the Line of Numbers; and right againſt the Sine of 38 


50', you'll have 61.5 the fourth Term required. 


The Precepts delivered in this Section, being underſtood; you'll be able 


to work any Proportion, that may happen in Trigonometry, both by the 
Logar. and the Artificial Lines above deſcribed. 


D C HAP 


17 


18 The INTRODUCTION. Chap. II. 


Nr. ov 
* 


0 F * 
v EXERT XRNERENZRS ZN TICS 
CUR CHIC SIALIC NCTC INEOTETEINOURECRINGY 
MOMMY » ITT $$ 

| m : . ox >. » RY 9 * 0 . . * 0 0 


SS * . # * | 5 1 * 9 
SEZRSSEZ SS SEE ZMNRSETIS FRBSSSLZ 


CH AP. we 
Plain Trigonometry. 
Plain Trigonometry teaches how from 
any three given, of the Sides and Anzies 


of a Plain Triangle (whereof one at leaſt 
being a Side,) to find the ref. ks 


1 
Theorems, Of the Primary Aﬀettions and Properties of Plain 
Triangles. | | 
Note, All the Figures referred to in this Chapter, are in Plate 2.] 


I. N every Triangle, the greateſt Side is oppoſite to the greateſt Angle: And 
on the contrary, the greateſt Angle is oppoſite to the greateſt Side, Euclid. 
Lib. I. Prop. 18. and 19. | 


II. In every Triangle, equal Sides ſubtend equal Angles ; and on the contrary : 
whence all the Angles of an Equilateral Triangle, and alſo the Angles at the Baſe 
of an Ifoſceles Triangle, are equal, Euclid. Lib. I. Prop. 5. and 6. 


THI. In every Triangle, the three Angles taken together, are equal to two Right 
Angles, or 180 Degrees. Euclid. Lib. I. Prop. 32. Hence, 


4. If in a Triangle one Angle be Right, or Obtuſe, the reſt are Acute. 


5. If in a Triangle one Angle be Right, the other two together make 


one Right Angle; alſo, that C of a A which is equal to the other two. 
2, is itſelf a Right Angle, 
6. In 
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6. In any Plain Triangle, if one Angle be known or given, the Sum 
of the other two Angles is alſo known by taking the Supplement, or the 


Remainder to 180 Degrees. 


7. If in any Plain Triangle, two Angles be known (either ſeparately 


or conjunctly) the remaining Angle is alſo known. 


8. If in a Right-Angled O, one of the Acute C be known or given, the 
other is alſo known, by taking the Complement (of the former to go.) 


9. If in an 1ſoſceles A one C be known, the reſt are alſo known; for if 
the 4. contained by the equal Legs be given, then half the Supplement (or 
Remainder to 180˙ is equal to each of the other two: Again, if one 
of the adjacent be given, the other is alſo given, (as being equal to 
it) and the remaining £ is equal to the Supplement of the Sum (to 1802.) 


X. In any Right- Angled Triangle B A. C, the Square of the Hypothenuſe B C, rig. «. 


is equal to the Sum of the Squares of the two Sides BA and AC. Euclid. 
47. I. 

Hence, Any two Sides of a Right-Angled Plain A being known, the 
other may be found by Extraction of the Square Root: As for Example, 
let the two Sides B A=4, C AZ; be given, to find B C; firſt ſquare the 
two given Sides, and it will be B Aq=16, and C Aq; then 16 + 
9==25, the Square Root whereof , is the Side BC required. Again, 
let the Hypothenuſe B C=5, and one of the Sides (as) CA=3, be given, 
to find the other Side BA; from the Square of the Hypothenuſe, viz. 
B Cq=25, ſubſtract C Aq=9g, and the Remainder 16 is the Square of 
B A, the Square Root whereof =4, is B A required. 


XI. If to one Side B C of 4 1 BA C, be drawn a parallel right Line D E, Fig. 2. 


the ſame ſhall cut the Sides of the A por port ionally : that is, 
AD: DB:: AE: EC. Euclid 2. VI. 


XII. Equiangular Q bcd, BCD, (that is, ſuch as have the three C of the z. 


one equal to the three of the other, each to its reſpective L; viz. the . 


b=B, d=D, and c=C,) have the Sides ſubtended by the equal . porportioual : 
that is 


de: DC:: le: BC. bd : BD. Euclid 4. VI. 


XIII. If a A BCD be inſcribed in a Circle, every Lis half of the Arch Fir. 4. 


oppoſite to it; as if the Arch C D is 80 Deg. then the 


at B is 40 Degrees, 
Euclid 20. III. 


XIV. If from the Vertex D of an Iſoſceles A B DC, be let fall a J. DA 
upon the Baſe BC, it ſhall divide the ſaid Baſe BC into two equal Parts; 
viz. BAA C. Euclid 26. I. | 
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1 If rom ſome Point B without a Circle, two right Lines BD, BZ, be 


drawn to cut the Circle; it will be 8 f ws 6 7 5 ; 5 8˙5 This is de- 


duced from the 36 of the IIId, and the 16 of the VIth Book of Euclid. 
eee 


XVI. Half the Sum of any two Quantities \ ad half their difference, gives 


bee Quantity. Let the two Quantities be 10 and 6, then is their Sum 


leſſer 


= 16, and Difference = 4, and conſequently ⁊ their Sum is 8, and - their Diffe- 
: Th. Bag - - 7 Ys 117 e 
rence 2 Now 31 C2 5= 6 leſſer Quantity, 


The following Theorems (by ſome called Axioms) being not expreſsly 
contained in Euclid, ſhall. be here demonſtrated; and admitting the afore- 
going, their Demonſtrations will be eaſily underſtoode. INH 


XVII. In every Right- Angled ABA C, any Side thereof may be made the 
Radius of a Circle, and then the other Sides will become either Sines, 'Tangents, 
or Secants. 


1. If the Hypothenuſe BC is made Radius, then are the Sides C A and 
BA the Sines of their oppoſite ; that is, CA is the Sine of the 
Arch CD, the Meaſure of the Chat B, (by Def. 18.) alſo BA is the 
Sine of the Arch BE, the Meaſure of the C C. (By the ſame Def. 18.) 


2. If one of the Legs (BA or CA) be made Radius, then ſhall the other 
Leg be the Tangent of the J oppoſite to it, and the Hypothenuſe the Secant 
of the ſame ; that is, if BA be made Radius, then will CA be the 
Tangent of the C B, and BC its Secant, (by Def. 20, 21.) Again, if CA 
is made Radius, then is BA the Tangent of the /. C, and BC the Secant 


* 


of the ſame C, (by Def. 20, 21.) and conſequently (when C A is Rad.) 


BA is the Co-Targ. and B C the Co-Secant of the CB. 


XVIII. I. all Plain Triangles, the Sides are proportional to the Sines of their 
oppoſice Angles : that is, | | 

In the A BCD, it will be BC: CD:: S. D: S. CB. 

This is evident from Def. 18. and Theorem 13. becauſe the Sines are half 
the Chords of the double Arches, and the “ tubrended by the Sides of a 
A inſcribed in a Circle, are equal to half thoſe Arches. But this Theorem 
may be otherwiſe demonſtrated, thus ; 


Let the Side D C be produced to E, until DE be BC, and let fall 


the 1'EF, CA, which will be the Sines of their oppoſite D and B, 


to the Radius DE=BC. Wherefore, 
DC: DE:: CA: C F, that is n 
DC: BC :: S. CB: S. D, which was to be proved. ak 
= IX. 
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XIX. In all plain Triangles, it will be 
As the Sum of 8 Sides, 


Is to their Di erence; ies | 
So is the Tangent of half the Sum of the J. . to thoſe Sides, 
To the Taugent of half their Difference : That is, | 


In the A BCD, it will be, DC+CB: DC—CB:: T. Z C zy.g. 
BD: T. + their difference. N 

Make CE = CB and draw BE, upon which let fall the 1 CA,a,, 7 
* which will biſect BE in A: Draw AF parallel to B D, and it will“ bi- » +4 Th. 
ſect E D (tlie Difference of the Legs) in F. Now becauſe in the G B C = 
BCD (having the CC common) the Z C CBETCEB S C BD+< z. 7. 
C DB, the CBE ( CEB) LZ CBD+CDB, and con- * 2. 7%. 
ſequently E BD is *= > their difference. Let CA be continued to G, 16. Th. 
then if B.A: be made Radius, CA will be the Tangent of + Z 4* oppoſite * 20. Def. 


0 
h 


* 


(viz. BD) and A G the Tangent of * half their difference (viz. L EB D.) 


Now becauſe A F is parallel to GD, it will be 
3 CF: FDP:: CA: AG; or, 
; 2CF:2FD::CA:AG; that is, | 
As the Sum of the two Sides, is to their difference ; ſo is the Tangent of * the 


Sum of the E oppoſite to thoſe Sides, to the Tangent of < their difference, Which 


was to be proved. | oy. | 
Note, If a Side BD of a A BDC, having the adjacent CB and D acute, Fig. 10. 


be made the Baſe ; a J CA let fall from the Vertex C, will fall within 


the A, and divide the Baſe BD into two parts B A, A D, which are cal 
led the Segments of the Baſe ; and if A O be made = A D, then will BO 
be the Difference of the Segments: But when the 1 CA falls without the 


, the Line BO is called the Alternate Baſe. 


XX. In all plain Triangles, it will be 


As the Baſe, 
Is to the Sum of the other two Sides ; 
So is their Difference, 
To the Difference of the Segments of the Baſe, when the J. falls within: 
Or, Yo the Alternate Baſe, when it falls without. 
That is, In the A*BCD, it will be, BD:BC+CD:: BC— 
CD: BO. 
From C, with the Radius C D deſcribe the Semicircle X DZ, produce 
BC to Z, let fall the L CA, and jon CO; then is BZ B Cr CD, 


X= BC c b. and BO = g ATA PB in tbe J . J Caſe; *14. 
And becauſe the Point B is without the Circle, it will be, 


Fig. 10. 


BD 


The INFRODUCTION. Chap II 


BD:BZ(=BC+CD)*"::BX SBC CD): B O. That is, 
As the Baſe B D, is to the Sum of the tuo Sides B C, CD; ſo is their Dif- 


Diff. of the Segments of the B 5 : 
ference B X, to B O the = 4 1 15 f aſe Sin the 2 Caſe. 
Which was to be proved. | 


Now, BD BO=2 4457 in che firſt Caſe. 
And BO+BD=2 3% 5 in the ſecond Caſe. 


i 
Containing the Solutions of all the Caſes in Plain Trigonometry. 


HIS Section ſhall be divided into eight Problems, according to the 
ſeveral Data that may be propoſed in the Queſtion ; and withal into 
twelve Caſes, being all the Varieties of the things required. 
Note, 1. In any plain Triangle, Three things, whereof one (at leaſt) be- 
ing a Side, is ſufficient to find the reſt. erefore, 
2. In a Right-angled Triangle, Two things beſides the right Angle 
(which is always known) is ſufficient to find the reſt, Pane” 
3. To find an Angle, you muſt begin the Proportion with a Side ; and 
to find a Side, you mult begin with an Angle. | 


1. Of Right - Angled Triangles. 


The Parts of a Right-angled Plain Triangle, (being the Subject of the 
four firſt Problems) are computed by help of Theorem 17. from whence 
you may obſerve, that as different Sides are made Radius, the other Sides 
acquire different Denominations, which are either Sines, Tangents, or 
Secants. 

1. To find a Side, any Side may be made Radius; then, 

As the Denomination of the Side given, 2 

Is to the Denomination of the Side required; | 

So is the Side given, to the Side required. 

2. But to find an Angle, one of the given Sides muſt be made Radius; 
then, 

As the Side made Radius, is to the other Side 

So is the Denomination of the firſt Side (which is Radius) 

To the Denomination of the ſecond Side, which gives the Quantity of the 
Angle required, 

- PR O- 


PROBLEM I. 


The Angles, and one of the Legs of a Right-angled Plain Triangle 
being given; to find the other Leg, and the Hypothenuſe. 


CASE 1. The Baſe and the C. given, to find the Perpendicular. 


Examp. Given 23 oF required C A. 

Conſtruftion, Having made the Side B A==76.4, ere& the L AC, and 
make the . AB C=38*® 50%, and produce BC until it meets AC in C; 
then is the Triangle conſtructed, and the Side required A C (as alſo BC) 
may be meaſured by the ſame Scale of equal Parts, that B A was plotted 
by. N. B. This, and the following Problems, are conſtructed by Prob. 8. 
and 9. of Chap. I. | 


To find CA by Calculation. 


1. If BA be made Radius, then will CA be the Tangent of the 
B. Wherefore, | 5 | 


R: T. B:: BA: AC; that is, 


As the Radius ö | n 
To the Tangent of the { B=38* 507 9.905784 
So is the Side B A==76.4 1.883093 
To the Side A C==61.5 11.788877 


2. If BC be made Radius, then will B A be the Co-Sine of B, and 
C A the Sine of B. Wherefore, 5 8 


C. S. B: S. B:: BA: AC; that is, 


As the Co-Sine f B 38 500 8. 108477 Arith. Compl. 
Is to the Sine of B 38.50 9.797307 
So is the Side BA 76.4 1.883093 
To the Side A C 61.5 82 1.788877 | 
3. If AC be made Radius, then will BA be the Co-Tang. of B. 
Wherefore, 
| C. T. B: R:: BA: AC; that is, 
As the Co-Tang. of B 38* 50 10.094215 
[s to the Radius, * 80 10. | 6 1 
So is the Side BA 76.4 1.883093 
To the Side AC 61:5 1788878 


Ca ſe 


24. 


Fig. 12. 
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CASE 2. The Baſe and the & given, to find the Hypothennuſe. 
Exany. Given Jp 460 30 T required g ec. 
1. If BA be made Radius, then will BC be the Secant of the B. 

Wherefore, © AQ NY | 


R: B:: BA: BC; that is, | 


As the Radius | 10. 
Is to the Secant of B 3850 10.108477 

So is the Side BA 76.4 1.883092 
To the Side BC 98.08 1.991570 - 


2. If BC be made Radius, then will BA be the Co-Sine of the C B. 


Wherefore, | 


C. S. B: R:: BA: BC; that is, 
As the Co-Sine of the B 38* 50' po 9.891 523 


1s to the Radius, Io. 
So is the Side BA 76.4 1.883093 
To the Side BC 98.08 1.991570 


3. When AC is Radius, then B A is the Co-Tangent of B, and 
BC its Co-Secant. Wherefore, OT” | | 


As the Co-Tang. of B 38* 50 9.905785 Here you muſt cancel 20 from 
To the Co-Secant of B 38 3% 10.202692 hecauſe in bloating bk. 
So is the Side AB 76.4 1.883093 Index of the Log. of the 1ſt 


| Term, you were obli 
To the Side required BC 98.08 21.991570 borrow 18 befides . 
| | dius, which in all is 20. 
You may obſerve, that in the Solutions of the fix Examples aforegoing, 
the Logarithms are managed juſt according to the Directions given in Sect. 
3. Chap. I. according to which they are likewiſe ordered in all the following 
Caſes : But of theſe ſix Examples, only three; viz. 1 and 2 of Caſe 1, and 
the 2 of Caſe 2, can be worked by the Sliding Rule, and Gunter's Scale ; for 
whenever a Secant is concerned in the Operation, or a Tangent is greater 
than the Radius (or 45*) you muſt change the Proportion. 


P R O B. I. CASE 3. 
The Hypothenuſe, and the 4. of a Right-angled Plain Triangle 
being given; to find either of the Legs. 


Examp. Given 8785 50 J required A B. 


Con- 


1 
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2 
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| 
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Sect. 27. Plain Tyigonometry. 25 
Cunſtruction. Draw B A at pleaſure, and make the C B==38* Y, con- 
tinue BC until it becomes =98,68, and let fall the L CA; then is the 


A conſtructed, and the Sides A B, A C may be meaſured by the Scale of 
Equal Parts, (wherewith BC was plotted.) But, * 


To find B A by Calculation. 


1. If BC be made Radius, then will BA be the Co-Sine of B. Wherefore, 
R:CSB:: BC: B A; that is, 


As the Radius 0. 5 
Ito the Co-Sine of B 3850 9.891523 
So is the Hpothenuſe B C 98.08 1.991570 


| To the Side required B A. 76.4 1.88 3093 

2. If BA be made Rad. it will be B: R:: BC: BA: 

3. If CA be made Rad. it will be C., B: C. T. B:: BC : BA. 

Note, In the Examples here * it is ſufficiently exact that a Side be 
expreſſed only to four Places of Figures, and an £ to a Minute: But when 
a Side or an £, whoſe Logarithm had been found before, is given; we ſhall 
take the Logar. ſo found for the ſaid Side or £, though it may ſomewhat 
difter from the Logar. of the Quantity W : as in the laſt Example, 
we took the Log. found before for the Hypothenuſe B C, which is ſome- 
what leſs than the Log. of 98.08; becauſe the ſaid Numb. 98.08 is ſome- 
what greater than the true Quantity of B C. | 


PK OD. Uh 


The Legs of a Right- Angled Plain Triangle being given; to find is. 13. 
the Acute Angles, and the Hypothenuſe. þ 


E CASE 4. The Legs given, to find the Angles. 


Examp. Given $1 Fo required B. 


Conſtruction. Make BA=76.4, and from A erect the 1 A C=61.5, 
join BC; then the g B and C may be meaſured by the Line of Chords, 
and the Side BC by the Scale of equal Parts. Bur, 


To find the 4.B by Calculation. 


1. BA being made Radius, C A is the Tangent of B. Wherefore, 
BA: CA:: R * that is, 


J 
4 
| 
a 
* 
; 
1 

Li 
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As the Side BA 76.4 1.883093 
II to the Side CA 61.5 1.788877 
So is the Radius | 10. 


— — 


To the Tang. of the LB 38* 50. 9904 784 
The Complement of B (=38* 500% is the 7 C=5 1* 10% 
2. If CA be made Radius, then will BA be the Tangent of the C C. 


Wherefore, 0 
CA: BA:: R: T. C. 
3 BA 76 8 
4 CASE 5. Given4 17+ $ required BC. 


1. Find the by Caſe 4, then the Hypothenuſe may be found ſeveral 
ways by Caſe 2d, thus ; 


If BC isRadius, C A is the Sine of B, therefore 8. B: R:: AC: BC, 


that is, 
As the Sine of the B 38 507 9.797307 
48 to the Radius, 1 
So is the Side CA 61.5 1.788877 


To the Hypothenuſe B C 98.08 1.991 570 


It is evident from Caſe 2, (becauſe here are two known Sides) that the 
Side BC may be found by Calculation, after five more different Propor- 
tions: And alſo by Theor, X. without knowing the Angles. 


4 -. PR OB: 
| The Hypothenuſe, and one of the Legs of a Right- Angled Plain 
| T - being given; to find the Acute Angles, and the other 
Leg. | 


| | CASE 6. Given * 5 oo required B. 


Conſtruction, Make B A=76.4, and erect the L AC, then with 98.08 
bet wixt the Compaſſes, ſetting one foot in B, with the other interſect the 
LAC in C, and join BC; then is the A conſtructed, and the Parts 


required may be meaſured by the Line of Chords, and the Scale of equal 
Parts. f | | | 


Fiz. 14. 


£ 


To 


Seca: : Plain Trigonotetry. 


To find the C. B by Calculation. 


If BC be made Radius, then will BA be the Co- Sine of B. Where- 
; BC: BA:: R: C. S. B; that is, 


As the Hypothenuſe BC 98.08 | r.991570 | 
Is to the Side BA 76.4 1.883093 
So is the Radius SIR 
| To the Co-Sine of B 38 50 9.891523 | 
Or, If BA be made Radius, B C will be the Secant of B. Where- 
ore, 
BA: BC :: R: g. B; that is, 
As the Side B A. 76.4 | 1.883093 A 
Is to the Hypothenaſe BC 98.08 1.991570 
So is the Radius 10. 


To the Secant of the EB 38* 50) 10. 108477 
The £ B 38? 507 being ſubſtracted from 90, leaves tlie £ C=5 1 10”. 


- BC 98.087 "Sx" 
CASE 7. Sie BA 76.4 + required CA. 
Firſt, Find the Acute E by the laſt Caſe; then the Side C A may be 
found fix different ways; viz. three ways by the help of the Z and 
the Baſe BA, by Caſe 1. and alſo three ways by the £ and the Hypo- 
thenuſe, as in the 3d Caſe; all which, ſince they; have been illuſtrated be- 
fore, may be here omitted. This Caſe may be alſo ſolved by Theor. X. 
without knowing the: Angles. | | 


PROB. v. CAR 8. 
In any Plain 2 whether Right-Angled or Oblique, having 
the and one Side given; to ud either of the other Sides. 


The Analogy for reſolving this Problem, and the next following, is de- 


duced out of Theorem X VIII. which is as followeth, 


1. As the Sine of any one Angle, 
Is to the Sine of any other Angle ; 
So is the Side oppoſite to the firſt Angle, 
To the Side oppoſite to the ſecond Angle. 
E 2 Ts 2. As 


28 


Fig. 15. 


Fig. 16. 


— 


2. As any one Side, 
Is to any other Side; 
So is the Sine of the L. oppofite to the firſt Side, 
To the Sine of the L. oppoſite to the ſecond Side. 


Therefore, If you would find a Side, begin the Proportion with the 
Sine of the C oppoſite to the given Side: but to find an L, begin the Pro- 
portion with the Side which is oppoſite to the given Angle, 

BD 76 | 
B 28297 
D 114.21 
C 37.10 | | 

Conſtruction. Having made the Side B D=76, make the 2 B=28* 29/, 
and the £ D=124* 21', and continue the Sides BC, DC till they inter- 
ſect each other in the Point C; then the A is conſtructed, and the Sides 
BC, DC may be meaſured by the Scale of equal Parts. 


1. To find BC by Calculation. 


Note, The Sine, Cc. of any £, and its Supplement, is the ſame, (as was 
ſhewed before) therefore (becauſe the Tables reach no farther than 9go*) 
ſubſtract the Obtuſe £ D=114* 21' from 1805, and note the Remainder 
65 397. Then it will be, 
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Examp. Given required BC. 


As the Sine of the C C 37* 100 0.218866 Arith, Co, 
To the Sine of the L D 114 21*(65* 39/) 9.959539 
So is the Side BD 76 1.880813 
To the Side BC 114.6 2.059218 | 
2. To find DC. 
þ "As the Sine of the LC 37 107 0.218866 
Is to the Sine «of the £ B 28® 29/ 9.678430 
So is the Side BD 76 1.880813 
To the Side DC 60 1.778109 


In right C G the proportion is the very ſame, (as in Prob. I. and II. 
becauſe the Radius is the Sine of 90“. 7 9 ) 


PRO B. VL 
In any Plain Triangle, whether Right- Angled or Oblique, having 


two Sides and an Angle oppoſite to one of them given; to find 


the remaining Angles, and the other Side. 


CASE 9. Two Sides and an L oppoſite to one of them, given ; to 
find the remaining 4. 

BD 60 
Examp. 1. Giren DC 76 © required C and D. 


B 37 10 
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Sect: Plan Trigotometry! - 

Conſtruction. Having drawn the indefinite right Line BC, make the 
L. B=37* 10/, and draw B:-D=60 ; then with 76 betwixt the Compaſſes, 
ſetting one foot in D, with the other interſect the Line BC in C, and 


join the Points D and C; then the A is conſtructed, and the C Dand C 


may be meaſured by the Line of Chords; and alſo the Side BC by the 
Scale of Equal Parts. 


Note, That if the given Z be Obtuſe, the £ required is Acute; and if 


Acute and oppolite to che Jager [ Side, the £ required 180 Boah | 
i.e. whether Acute or Obtuſe, as ſhall be ſhewed in Examp. 2. | 


To find the C. C by Calculation. 
As the Side DC 76 8. 119187 Ar. Co. 


Is to the Side BD go 1.778109 
So is the Sine of B 37* 107 9.781134 
To the Sine FC 28*® 29 9.678430 


The ? B and C being known, if you ſubſtract their Sum from 180?, 
the Remainder will be the Z D, thus; 


189%—65* 39 ( 4* B, C) =114*® 21' the Z D. 


DC 76 


CASE 9. Ex. 2. Given) BD 60 E required B, D. 
C 283% 209 


The Ambiguity of this Caſe appears from the Conſtruction; for hav- Fig. 17 
ing formed the £ C=28* 29“, and made the Side B D=76; if with the 
Length of D B so, you deſcribe an Arch from D, it will interſe& the 
Side CD in two Points B and B, on the ſame (ide of the Point C, aud 


conſequently the Z D, as well as B, will have two different Values: And. 
to find either it will be, | 


%” 


As the Side DB 60 8. 221892 Ar, Co. 
To the Side CD 76 1.880813 
So is the Sine of C 28*® 29/ 9.678430 
To the Sine of B 370 107 9.781135 


The Meaſure of the £B in the greater A CDB, but taken from 1809 
(becauſe the A BDB is an Iſoſceles) leaves 142* 5e/ for the Meafure of 


the Z B in the leſſer & CB D; whence, and from Th. III. the £ D of the 
greater NH an 5 114 217 

Teller & Triangle, will be4 6.41 
If inſtead of RD in the firſt Exam 


the Caſe would have been likewiſe 


ple of this Caſe, B C had been given, 
lowing 


doubtful ; as will appear by tue fol- 


30 
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2 BC 174.6 | 
Examp. 3. Given 4B D 76 required che 2 D. 
B 37 107 


Fig. 18. Cuuſtractio. Make B C=1 14.6. and. the C B==37* 10% and draw the 
indefinite right Line BD; then taking C D==76 betwixt the Compailes, 
ſer one foot in C, and with «he other deſcribe the Arch D D, which will 
cut the Side B D, in the two Points D and D, on the ſame Side of the 
Point B; and the different Values of the Z D may be found by the Line 
of Chords But to determine the ſame by Caltulation it will be. 


— 


4s the Side DC 76 8. 119187 Ar. Oo. 
Is to the Side BC 1145 2059217 

So is the Sine of B 37 10 9.781135 
To the Sine of D'65* 39% 9.959539 


The Meaſure of the 4 D. in the grenten G De bur taken from 
180; (becauſe the APC P is an J 25 leaves. 114 217, for the D 


in the leſſer AB DC; whence the CC of the 4 e Ar 5 Triangle, is 


77 117 
28 29. | 
BD 60 
Tig. 16. CASE 10. Ex. 1. OE 76 þ required BC. 
| B 37% 10 


The Data being here the Fn as in FINER 1. of Caſe 9. the Conſtruction 
iS fo likewiſe ; _ before the Side B C can be found by Calculation, the 
N oppoſite thereto muſt be determined by Caſe 9. which being obtained, 
(as in Examp. 1. viz.=114* 21) it will be, 

As the Sine of the LB 37* 107 0:218865 Ar, Co. 
To the Sine of the £ D 114 21/ (its Sup. 65 3999.959535 
So is the Side DC 76 I. 880813 | 


— tt. 


To the Side BC 114.6 2.059217 


| DC'76 7 
Fig. 17. CASE 10. Ex. 2. GivenyBD 60 P required CB. 
C28 ˙29, 


This Caſe is conſtructed as in Examp. 1. of Caſe g. where the £ D oppo- 
fite to the required Side BC, has been determined of two Values; viz, 


when 3 4 J vberebore to find the Value of the Side 


B C in both Caſes, 
3 I. In 


Sect. 2. 


1. In the greater A B CD. 


As the Sine of C28 O29 5. 321570 
To the Sine of D114 21 9.959539 
So is the Side BD 60 1.778108 


To the Side CB 114.6 2.059217 


In like manner, if the Data were the ſame, AS in Examp. 3. of Caſe 9 Fs. 18. 


f 


Plain Tragonometry. 


2. In the leſſer A BCD. 


As the Sine of C 28* 29 3.321570 
To the Sine f D8.4t 9.178900 
So is the Side BD 60 1.778 108 
To the Side CB 18.99 1.278578 


and the Side BD required; in the Jer Triangle BDC, BD will 


be found =q 55. 


P R O B. VII. CASE 11. 


In any Plain Triangle, whether Right- Angled or Oblique, having 
two Sides and the Angle included; to find the other two: 


Angles. 


Examp. In the Oblique £* A BCD are gen? 


the £* C and D: 


BD 114.6 
BC 76 
B 28*29/ 


8 reqd.. Fig. 19, 


Cinſtruction. Make the Side B D=1 14.6, and the Z B=289 297, and 
draw B Cs; join the Points C and D, and the A is conſtructed ; then 
the £* C and D may be meaſured by the Line of Chords. 


By Calculation: This Problem is ſolved by the following Analogy, de- 


monſtrated in Theor, XIX. 


PREPARATION. 


B D=1 I4.6 
B C 76 


2 =1 90.6 


£* B&ED+C=180* oo” 


L B= 28 29 


Z£C+D =15131 


X = 386 EZLCHD= 75.45% 
As the Sum of the tuo Sides B D4-B C =190.6 2.280123: 


I to their Difference = 38:6 1 
S 75 the Tang. of Z opp. C =75* 45 2 


To the Tang. F their Diff. 2380 35's 


I.586587 
2040306. 
12 182073 


Fig. 20, 


0 
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N Now 
To the 1 Sum ==75* 4 * From the 1 Sum =75* 45! 
Add the + Diff.=38 35 > Take the 4 Diff. =38 35 + 
Sum greater £C 114 21 Rem. leſſer E. D. 237 10 


This Caſe may be ſolved by reducing the A into two right-angled A* ; 
thus, if from the Extream of one of the given Sides, you let fall a 
upon the other given Side, (produced if need be) the A (BC D) will be 
reduced into two right-angled A, (as BAC, C A D,) in one of which 
(as BAC) will be given the Hypothenuſe (B C) and all the £*, to find 
the Legs, (BA and A C;) then in the other right-angled A (C A D) will 
be given the Legs (C A, AD) to find the Acute £* (C, D.) If the I. 


ſnould fall without the A, the ug required may be found with as 
much eaſe as before. [Vide 2 A Fig. X.] | 


If the Side CD ſhould be required, it may be found either by the V 
or VI Prob. aforegoing. | 


P R O B. VII. CASE 12. 


The three Sides of any Plain Triangle being given; to find the 


Angles. 
| B D=1t4.6 
Examp. Given <B C=76 required the C B, D and B C D. 
1 D C=60 - | 


This Problem is conſtructed like Prob. V. in Sect. 2. of Chap. I. and the 


ſeveral C may be meaſured by the Line of Chords: but to determine 
their Quantities by Calculation, 


From C let fall the l. C A, then will the A BCD be reduced into two 
right-angled A BAC, DAC; in each of which are given the Hypo- 
thenuſes B C, C D, and the Right Angle at A; and the Baſes B A, AD, or 
the Segments of the Baſe B D, may be found by Theor. XX. 


B C==76 As the Baſe B D=114.6 2.059184 
2— To the Sum of the two Sides B C, C D=136 2.134177 
Z. 136 So is their Difference =16 1.204170 


1 3338292 
To BO the Diff. of the Seem. BA, A D=19 1.279113 


Which 


— 
— — - 
= - © 


Fig. It 
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Which taken from B D=1 14.6, leaves O D=95.6, the half of which 
is 47.8 A D the leſſer Segment; then A D taken from BD the whole 
Baſe =1146, leaves 66.8=A B the greater Segment. 


The Segments B A, A D, or the Baſes of the right /* * BAC, DAC, 
being thus found, the C may be had by Prob. IV. Thus, 


As the Side B C=76 1.880813 
To the Side B A=66.8 1.824776 
So is the Radius — 10. : 
To the Co-Sine of B 28829 9.943963 


2 the ſame Manner may the CD be found, and conſequently the 
BCD. 


A TABLE of Proportions for the Solutions of the ſeveral Caſes i 


Plain Trigonometry. 


B C R:SB:: BC: AC; or DC: DA:: R: C.S.D; then 


1. Of Right-Angled Triangles. 2. Of Oblique Triangles. 
C Av 
| 8 B O TW . A = D 
moo A — =arevms 
8 A | 
8. Proportions. 8 8.5 Proportions. 
| 3 1 
BAI R: T. B:: BA: AC "BC 
CAC. T. B: R:: BA: AC 1 B . D : $.B.:: BC; CD. 
; CC. 8s. B: S. B:: BA: AC 1 4 
B A RKV Er BA: BC — JBcIB&|BC: CD:: S.B: $.D, then 
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The End of the Introduction. 
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NAVIGATION. 


Av1GATION is an Art that teacheth how a Ship may be con- 
ducted the ſafeſt way, and in the ſhorteſt time, between any 
Places aſſigned in Paſlages navigable. 

When the Places propoſed are at no great diſtance, but ſo that a Shi 

may fail in fight of Land, or within Soundings, as between England, Hol. 

land, France, &c. it is then called Coaſting ; and for the ſafe conducting of 
the Ship, the Pilot muſt be well acquainted with the Coaſts, ſo as to know 
the proper Channels, the Setting and Drift of the Tides, alſo Places of 

imminent danger, ſuch as Rocks, Sands, &c. 

Bur the Proper Buſineſs of Navigation, is how to conduct a Ship through 

the wide and pathleſs Ocean, where nothing is viſible but Sky and Water 

for a conſiderable time : For the due performing of which, the Mariner 
muſt know, 1. 'The true Situation both of the Place he departed from, and 
of the Place he is bound to; viz. their Latitudes, Difference of Longitude, 
and conſequently their mutual Bearing and Diſtance : 'Then for finding 
the Place of the Ship at any time, and conſequently the Bearing and 

Diſtance of the Place intended for, he has theſe helps; viz. the Courſe 

ſteered, the Diſtance ſailed, and the Latitude by Obſervation ; which 

laſt indeed is the only certain Data Mariners (at preſent) have at Sea : 

The Deſcription and Uſe of the ſeveral Inſtruments neceſſary for obtaining 

theſe things, and how from them to find the neceſſary Quæſita (as near 

as poſſible) ſhall be ſhewed at large in the enſuing Treatiſe. 


F x : CHAP. 
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CH AP. I. 
The Theory of Navigation. 


| T H E firſt thing neceſſary to be known, in order to ſettle the Theory 
of Navigation, is the true Figure and Magnitude of the Earth ; 
wherefore in Sect. 1. T-ſhall ſhow how that has been obtained: but firſt, 
it is convenient to premiſe the following Defiuitions of a Sphere, &c. 
| A SphRERR or Gonk is a Geometrical Figure, conceived to be generated 
| by the Revolution of a Semicircle round its Diameter ; whence it follows, 
that all Points upon the Surface of a Sphere, are every where equidiſtant 
© - from a Point within it, called its Center. Any Circle dividing the Sphere 
into two equal Parts or Segments, is called a Gxzar CixcLz ; and the 
Segments of the Sphere ſo divided, are called HEuISPHEREõ. 

A Right Line paſſing through the Center of the Sphere, and continued on 
both Sides to the Superficies, is called the Axis of that Great Circle to which 
| it is Perpendicular ; and the two Points in the Superficies of the Sphere, 
| which are the Extreams of the Axis, are called the Pol Es of the ſaid 
| Great Circle. 

_h All Great Circles cut each other into two equal Parts, for they all paſs 
1 through the Center of the Sphere: Alſo any Circle paſſing through the 
„ Poles of another, is a Great Circle. ö 

. All Great Circles paſſing through the Poles of any Great Circle, inter- 
|| ſe& it in two Places diametrically oppoſite, and alſo at right Angles ; 
| and with reſpect to the ſaid great Circle, they may be called its Se- 
cundaries. 

Any Circle dividing the Sphere into two vnequal Parts, is called a 
1 Leſſer Circle, or elſe a Parallel Circle; and theſe Circles upon the Arti- 
| ficial Globes, (made to repreſent the Ball of the Earth, and the Sphere of 


the Heavens) are generally denominated by the Great Circle, to which 
they are parallel. 
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Of the Figure and Magnitude of the Earth. 
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HE Earth is endued with a wonderful Principle of Gravitation, 
T whereby all its Parts are ſtrictly united together; and all Bodies 
that are looſe upon it, cloſely adhere to its Surface, tending directly to- 
wards its Center. Hence it is, that Ships are able to ſail with the ſame 
Facility every where (void of Impediments) upon the Surface of the Sea, 

uite round the Terraqueous Globe ; and that (as to Senſe) there is no 
fach thing as an upper or lower Part of the Earth ; for let the Inhabitanr 
be in what part ſoever, he'll there gravitate towards the Earth's Center, 
and imagine himſelf to be on the higheſt Point of its Surface; from 
whence he'll obſerve the Heavens like a large Vault over his Head, and 
his Antipodes he'll imagine to be directly under him, as they will alſo, 
theirs, for the like reaſon. | 
According to this Law of Gravity, if the Earth were at reſt (and not of the 
ated upon by any other Power) and its Parts looſe, or its Surface all Figure of 
over covered with a deep Fluid; it would naturally form itſelf into a “e Earth. 
true Sphere or Globe. But admitting the Earth revolves about its own Axis, 
with a rapid Motion (from Weſt to Eaſt) in 24 Hours, the Gravity to- 
wards its Center will be thereby diſturbed, and all the Parts endeavour 

to fly off from the Axis of the Motion; and this Inclination is greateſt; 
in that part of the Surface which is at the greateſt Diſtance from the 
Axis, and conſequently the Gravity towards the Center is there the 
leaſt : whence it will follow, that thoſe Parts which gravitate the leaſt, 
muſt yield or give way to thoſe that have a greater Gravitation, to reſtore 
an Equilibrium. And conſequently here will be formed a Spheroid, (or a 
Figure ſomewhat like an Onion) whoſe greateſt Diameter will be perpen- 
dicular to the Axis of Motion, (commonly called the Earth Axis) and the 
ſhorteſt Diameter will be the Axis itſelf. | 
It is demonſtrated, by the Writers of Mechanicks, that the 'Times of the 
Periodical Vibrations of all Pendulums of equal Lengths, are in a certain 
Proportion to the Gravity by which they are acted upon: And it has alſo 
been demonſtrated, that Gravity acts in a certain Proportion to the Di- 
ſtance from its Center. Hence, by the help of Pendulums, we may find 
the Proportion of Gravity upon any Part of the Earth; and conſequently 


the proportional Diſtance of that Part, to the Diſtance of any other Part, 
{rom the Earth's Center. 


Now, 


Now, it has been found by Experience, that the Degree of Gravitation 
upon the Earth's Surface under the Equinoctial, is to the ſame in any 
Parallel of Latitude; in the ſame Proportion (as near as Obſervations 
could be made) that it would be, if the whole Body of the Earth was 
compoſed of a Fluid Subſtance, and ſo formed itſelf into ſuch a Figure, as 
above-mentioned. Hence, we may infer, that the Farth is a Spheroid; and 
its greateſt Diameter (which is under the EquinoCtial) is computed to be 
to the leſſer Diameter (which is under the Poles, or the Earth's Axis) as 
289 to 288+ and conſequently the Space upon the Earth's Surface, an- 
{wering to a Degree of a great Circle where it is greateſt, (or under the 
Equin.) is to the Space anſwering to a Degree near the Poles, (where it is 
leaſt,) as 289 to 288 ; or, as 1000 to 996.5 nearly. But this difference is 
ſo ſmall, that in all Aſtronomical and Geographical Caſes, the Figure of 
the Earth may be eſteemed truly Spherical, though the ſmall Difference 
from it does ſenſibly affect the Motions of Pendulums. | 

The Sphericity of the Earth is farther confirmed by Vulgar Experience, 
for in going directly North or South, we have the Stars either Elevated or 
Depreſſed, exactly in proportion to the Diſtances we go: Again, it is 
manifeſt by ſeveral reaſons, that the Heavenly Bodies appear ſooner upon 
the Meridian the more Eaſterh, and the contrary the more Weſterly, and 
that in proportion to the Diſtances ; This is demonſtrated by the Eclipſes 
j of the Moon, for theſe Eclipſes happen at the ſame inſtant of Time with- 
out reſpect of Places; but they are obſerved to begin in the more Eafterly 
| Places ſooner than in the Meſtern, agreeable to the Hypotheſis of the Earth's 
Sphericity : all which could not happen if the Earth was of any other 
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| Figure. To theſe we might add Reaſons from the Eclipſes of the Sun, and 
| allo from the different Appearances of Ships at Sea; but it, would be 
| | needleſs to infiſt upon any further Arguments in this Place. 

Of the Now it being proved, that the Earth is Spherical, a Line drawn dire&ly 
1 Magnitude betwixt any two Places upon its Surface, muſt be an Arch of a Circle. 
[! 144 Wherefore, if we have the Meridian Altitude of any Heavenly Object, 


in two different Places lying under the ſame Meridian, exactly at the ſame 
k time; we may from thence find the difference of Latitude of theſe two 
þ Places : Or, the Meridian Altitudes may be taken at different times, ſo 
the Declination at thoſe times be known, and the Difference of Latitude 
will be found as before ; then the Diſtance between theſe two Places 
being meaſured, will give the Quantity (in known Meaſure) upon the 
Earth's Surface, anſwering to an Arch of a Great Circle, which is equal 
to the Difference of Latitude of the two Places; which being known, the 
Quantity anſwering to any other Arch may be eaſily found. Or, if the 
Places lie not under the ſame Meridian, their Bearing and Diſtance may 
be found (allowing for the Windings and Turnings, * and Deſcents 
of the Road) and from thence, their Difference of Latitude in the ſame 
Meaſure, and conſequently the Quantity anſwering to an Arch equal 
to their Difference of Latitude by Obſervation ; which being known, the 


whole 
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whole Circumference of the Earth may from thence be found, and conſe- 
. quently its Diameter, Saperficies, &c. 1 | | 
This Method has been put in Practice in England by Mr. Norwood, 
Anno 1635, by obſerving the Latitudes of London and York, and meaſuring 
the Diſtances between them ; by which Experiment, (after he had made 
allowance for the Windings, Cc. of the Road) he found 367200 Engliſh 
Feet to anſwer one Degree of a Great Circle upon the Surface of the 
Earth. This has been farther confirmed by Experiments made ſince in 
our own Country; and alſo by the ſame ſort of Experiment made in 
France, by which a Degree of a Great Circle upon the Earth's Superficies 
was found to conſiſt of 365184 Engliſh Feet ; differing from Mr. Norwood's 
Experiment but 2016 Feet, which in ſuch a Diſt is not very conſi- 
derable. Hence, a Degree of a Great Circle upon the Earth contains 
about 69 + Engliſh Miles; (Mr. Norwood's Experiment making it 69.545, 
and the French Experiment about 695) and conſequently a Geographical 
Mile is to an Engliſh Mile as 69.5 to 60; and from this Suppoſition, the 
whole Circumference of the Earth will Le found to be 25020, and its Dia- 
meter 7964 Engliſh Miles. KEE 


There are other Methods for finding the Magnitude of the Earth, but 


none ſo accurate, or ſo eaſily put in PraQice as the aforegoing. 


SECT. II. 
Geographical Definitions. 


HE Aſtronomers in order to determine the Places of Phanomenas in 
the Heavens ; and likewiſe the Geographers for aſſerting the Poſitions. 


of Places upon the Earth ; ſuppoſe the Sphere of the Heavens to be di- 
vided by ſeveral Imaginary Circles : Of theſe Circles ſome are Fixed, and 
always obtain the ſame Poſition in the Heavens; others again are Move- 
able, and depend only upon the Poſition of the Obſerver. 

Thoſe Circles that are Fixed, owe their Origin to the two-fold- Motion 
of the Earth; ſach are, the Equinoctial, the Ecliptick, and their Secundaries 
and Parallels, The Moveable Circles are only the Horizon, its-Parallels, and 
Secundaries. 

Of theſe Circles we ſhall here conſider only thoſe that are more imme- 
diately uſeful in Geography and Navigation; vlz. the Equator, its Parallels, 
the Horizon, and the Meridian, 8 


I; The 
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I. The Eav rox or EqQuinocrt1ar, is that Great Circle in the Heavens, 
in whoſe Plane the Earth performs its Diurnal Motion round its Axis: Or, 
it is that Great Circle, parallel to which the whole Heavens ſeem to 
move round the Earth, from Eaſt to Weſt in 24 Hours. — 8 

Note, The Equator and the Equinoctial are 228 ſynonimous Terms; 
but ſometimes the Equator particularly ſignifies that Great Circle upon the 
Surface of the Earth, which coincides with the Equinoctial in the Heavens: 
This Circle is alſo by Mariners often called the Lins. e 

The Equinoctial divides the Globe of the Earth, and alſo the whole 
Heavens, into two equal Parts, North and South; which are called the 
Northern and South Hemi ſpheres. The Axis of this Circle, is called the 
EaRThH's Axis, or The Axis of the World; becauſe the Earth revolves 
about it (from Weſt to Eaſt) in 24 Hours. The Extreams of this Axis 
are called the Por xs of the World; whereof that which lies in the Northern 
Hemiſphere 1s called the North Pole, and the other is called the South 
Pole. LI 


Nite, The Northern J Hemiſphere is that wherein the Sun is in our 
4 2 | 
Winter. 

The „ rg is divided into Degrees and Minutes, and alſo into 24 
Hours of Time; ſo that one Hour is equal to 15 Degrees, one Minute of 
Time equal to 15 Minutes of a Degree, &c. 


All Circles parallel to the Equator, are with reſpect to Places upon the 
Earth, called Parallels of Latitude. Whence, 


II. The LArrrupk of any Place (upon the Earth) is its neareſt Diſtance 
from the Equator, either North or South ; and if the Place be in the 

ee Hemiſphere, it is called] 07, Latitude Hence, all Places 
that lie on the ſame Side, and at the ſame Diſtance from the Equator, 
are {aid to be in the ſame Parallel of Latitude. 


From this Definition ariſe the following Corollaries. 


1. That no Place can have above go Degrees of Latitude, either North or 
South. . 
2. Thoſe Places hing under the Equinoctial have no Latitude; it being frem 
thence that the Calculation of Latitude is counted, 

3. Thoſe Places lying under the Poles have the greateſt Latitude ; thoſe Points 
being at the greateſt Diſtance from the Equator. . 
4. The Latitude of any Place is always equal to the Elevation of the Pole in 

the ſame Place ; and the contrary. 
5. The Elevation of the Equator in any Place, is always equal to the Com- 
plement of the Latitude of that Place ; and the contrary. 
3 6. A 
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6. 4 Ship ſailing direft$ f the Equator, A 7 the Pole, or 


"C Leſſens | . | | 
Augment $ her Latitude, juſt ſo much as is her Diſtance ſailed. 


III. Difference of Latitude is the neareſt Diſtance of any two Parallels of 
Latitude, ſhewing how far the one is to the Northward or to the South- 
ward of the other; which can never exceed 180 Degrees. 


IV. The Hor1zon is that Great Circle which (in any Place) divides 
the Upper or Viſible Hemiſphere of the World, from the Lower or Inviſible : 
This Circle is diſtinguiſhed into two ſorts ; viz. the Rational and the Sen- 

ble. 
K The Rational Horixon is that Circle paſſing through the Center of 
the Earth, in which all the Heavenly Bodies appear to Riſe and Set. This 
Circle divides the Earth, and alſo the Heavens, into two equal Parts; 
it is alſo called the Real or True Horizon. 

The Senfible or Apparent Horizon, is that Circle which bounds the Pro- 
ſpect of any Perſon, who being placed either in a large Plain, or in the 
midſt of the Sea, looks round about; and by which the Earth and the 
Heavens ſeem to be joined together. | 

The Serfible Horizon is that which is conſidered by Mariners, and in a 
ſtriẽt Senſe its Semidiameter is infinitely ſmall ; for the Eye ought to be 
conſidered as being cloſe to the Earth's Superficies : but the Apparent Semi- 
diameter of this Gircle varieth according to the height of the Eye of the 
Obſerver. 

This Circle, and alſo the Rational Horizon, is divided into four Qua- 
drants, by four Points called the Cardinal Points; theſe Points are termed 
the Eaſt, Weſt, North, and South. The Eaſt is that Point of the Horizon 
where the Heavenly Bodies appear to Riſe and Set when they are in the 
EquinoCtial ; and the Yet is that Point of the Horizon which is directly 
oppoſite to the Eaſt, or where they appear to ſet on the ſame Day. The 
South is 90 Degrees diſtant from the Eaſt and the Weſt, and is in that Part 
of the Horizon where the Sun always appears to us at Noon; and the 
North is that Point of the Horizon which is directly oppoſite to the South: 
Or, the North and South Points of the Horizon may be found, by turning 
yourſelf directly towards the Eaſt or Weſt ; if you look directly towards 


the 111 Fbe 8 will be to the right Hand, and the 1 overt 


South 
the left. 

Each of theſe Quadrants are ſubdivided into 90 Degrees, each Degree 
into 60 Minutes, Oc. But by Mariners the ſenſible Horizon is commonly 
divided into 32 equal Parts, which they call the Points of the Compaſs ; each 
of theſe Points are again ſubdivided into Halfs and Quarters. [Vide 


Fig. 1. Plate 3.) 
G The 


Ar 


The Poles of the Horizon are two Points, one exactly over our Head, 
called the Zenith; and the other exactly under our Feet, called the 
Nadir. Whence it follows, that which way ſoever we move, we conti- 


nually change our Horizon. 


V. All Circles paſſing through the Poles of the World, (and conſequent- 
ly inter ſecting the Equinoctial at Right Angles). are called Meridians, and 
ometimes Hour-Circles. | 


VI. The Mxz1p1ian of any Place, is a Great Circle paſſing through 

the Poles of the World, and the Zenith and Nadir of that Place; and con- 

ſequently paſſing through the North and South Points of the Horizon. 
The Difference of Meridians betwixt any two Places, is called their 


Difference of Longitude, So that, | 


VII. The Loxcirups of any Place (upon the Earth) is an Arch of the 
Equator, contained betwixt the Meridian of the given Place, and ſome 
fixed or known Meridian : Or, it is equal to the Angle formed by the two 
Meridians. Whence it follows, | 

That no Place can have above 180 Degrees of Longitude from any 
other Place; yet ſometimes the Longitude is counted Eaſterly quite round 
the Globe ; wherefore in theſe Caſes, if the Longitude exceeds 180 Deg. 
it muſt be ſubſtracted from 360%, and the Remainder will be the Diffe- 
rence of Longitude of the two Places, of a contrary Denomination to 
what it was at firſt: that is, if the Longitude of any Place be counted 
Eaſterhy from any other Place, and it ſhould exceed 180% the Complement 
of it to 360 Deg. muſt be reckoned the Longitude of the ſaid Place from 
the firſt, Weſterly, — 

Since the Meridians are all Moveable, and not one that can be Fixed in 
the Heavens, (as the Equinoctial Circle is Fixed, from whence the Lati- 
tudes of all Places are determined to be ſo much either North or South,) 
the Longitudes of Places cannot ſo well be fixed from any one Meridian; 
but every Geographer is at his liberty to fix which he pleaſes for his #-/ 
Meridian, from whence to calculate the Lougitudes of other Places: Hence 
it is, that the Geographers of all Nations generally chuſe the Meridian 
paſſing through the Metropolis of their own Country, for their firſt Meri- 
dian: thus, the Engliſh Geographers generally make the Meridian of Lon- 
don to be their firſt; the French that of Paris; and the Dutch that of Am- 
fterdam, &c. But Mariners generally reckon their Longitude from the 
laſt known Land they ſaw ; ſo that when the Longitude is expreſſed, it 
is neceſſary (before it can be determined) that the Place from whence it 


is counted, be alſo expreſſed. 


From the preceding Definitions naturally ariſe the following Corollaries. 


1. Ha Body ſhould ſteer direfHly North, or directiy South, quite round the 


Globe, he will continually change his Latitude, without deviating the leaſt from 
the 
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/ the Meridian of the Place he departed from; and conſequently at his return will 
not differ in his account of Time from the People refiding in the ſaid Place. 

2. {if a Body ſhould ſteer round the Globe, either directly Eaſt or Weſt, he'll 
continually change his Longitude, but vil go quite round without altering his La- 
titude : And if his Courſe ſhould be due Eaſt, he'll gain one Day compleatly in his 
Reckoning, or reckon one Day more than the Inhabitants of the Place from whence 
he departed; and if his Courſe had been Weſt, he would have liſt one Day, or 
reckon'd one leſs. Whence it follows, if two Bodies ſhould ſet out from the ſame 
Place, one ſteering Eaſt, and the other Weſt, and ſo continue their Courſes quite 
round, till they arrive at the Place from whence they ſet out, they will differ two 
Days in their Reckoning at the time of their Return. 

3. If a Body ſhould fleer in any other Direction, he continually change both 
Latitude and Longitude, and that more or leſs, according to the Courſe he ſteers ; 
and if be ſhould go quite round the Globe, he will differ in his Account of Time, 
as by the laſt Cor. | 

1 44᷑. The People refiding in the Eaſtermoſt of any two Places, will reckon their 
1 Time fo much the ſooner than in the other Place, according to the Difference of 
i Longitude betwixt the two Places, allowing 1 Hour for every 15 Degrees, &c. and 
the contrary, 


S8 T. BE 
Nantical Definitions and Theorems. 


Y | H E only Guide that Mariners have for directing the Ship in the im- 

menſe Ocean (where nothing is viſible but Sky and Water) is their 
Compaſs: A particular Deſcription of which Inftrument ſhall be given in 
Chap. IV. Sect. 1. but here we ſhall conſider only the Card. 


I. The Card is a Circle quartered and divided into Degrees, and alſo 
into 32 equal Parts, called the Points of the Compaſs, and by virtue of a 
Needle fixed underneath, theſe Points always in{pe& the like Points of the 
ſenſible Horizon, (the Variation not here conſidered.) The Points of 
the Compaſs are denominated as in Plate 3. Fig. 1. where yon may note, 
that the Capital Letters do each of them ſignify the four Cardinal Points; 
thus, N ſignifies the North, E the Eaſt, S the South, and W the Wiſt; 
and the ſmall Letter 5 ſignifies the Word Ly, thus for Example, NE 6b N, 
is to be read North Eaſt by North, &c. 

The ſeveral Points may be eaſily known by Inſpection, without having 
the Letters annexed to them, (which indeed are ſeldom placed upon che 
Cards,) thus ; 'The four great Bars are the four Cardinal Points, whereof 
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that which has the Hower- de- luce at the top of it, is always the North 
and that at right Angles to it having the little Croſs at the end of it, is the 
Eaſt; and conſequently the two oppoſite Points muſt be the South and 
the Wet. Again, the four next leſſer Bars, are the middle Points betwixt 
the four Cardinals, and are always expreſſed by the two Cardinals termi- 
nating that Quarter, that which denotes the Meridian having always the 
Precedence, as NE, SE, SW, NW. The eight leſſer Bars, are the 
middle Points between the NE, SE, &c. and are expreſſed by the neareſt 
Cardinal twice repeated, (that alſo having the Precedence) and the 2d 
in order the Meridian; as NNE, EN E, Cc. The ſmall A' are the 
Points between theſe laſt; whereof the neareſt to every Cardinal is ex- 
preſſed by the two Points terminating that Quarter, and the Word by 
between them, as N E, E N, Oc. and the 3d and 5th Points (from the 
Meridian) are always expreſſed by the two Letters denominating that 
Quarter, the Word by immediately following them, then the next Car- 
dinal; as NEUN, NE E, Cc. And all Cards (if they are not made 
as above deſcribed) have always ſome diſtinction, for the ready expreſſing 
the Points. 8 

If a Ship ſail any where betwixt the Eaſt and Weſt in the Norther ne 


Southern J, 


Semicircle,then with reſpe& to the Meridian, ſne is ſaid to ſail ny F 3 | 
3 J 


And when ſhe ſails betwixt the North and South any where in the 


5 7 Semicircle, then with reſpe& to that Semicircle ſhe is ſaid 


to ſail 3. And when any particular Quarter is intended to be 


expreſſes, it muſt be ſaid in the NE, or SE, Oc. Quarter; or N Ely or 
S Wly, Oc. 

If a Ship ſails upon any of the four Cardinal Points, ſhe is then ſaid 
to ſail due North, or due Eaft, &c. 


II. A Right Line drawn from the Center to the Circumſerence of the Com- 
paſs, (or paſſing from you to any Point of the Apparent Horizon,) is called 
A Rous Line; and this Line is denominated by that Point of the Com- 
paſs which it interſects, as if it ſhould paſs through the NNE Point, 
then it is called a NN E Rumb. 

Or, A Rumb is a Line making the ſame or equal Angles, with all the 
Meridians through which it paſſeth, (for the Senſible Horizon is to 
be conſidered as a Circle indefinitely ſmall, as has been ſhewed before) 


and conſequently the Direction of every Rumb, excepting the four Car- 
dinals, muſt be continually changed. ET 


A 
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A TABLE of the £* in Deg. and Min. which every 
z Point of the Compaſs makes with the Meridian. 


North. | South, | Points. Aid ws... | North. : 
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The Covrss is the Angle which any Rumb Line makes with the Meri- 
dian : ſo that if a Ship ſhould ſail upon the third. Rumb, as NEN, 


Cc. the Courſe is an £ of 33* 45/3 and fo for any other, as in the an- 
nexed Table. 


45 
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That Point in the Horizon which any Rumb Line interſects, is called 

the Bearing of the ſaid Point from the Obſerver: Alſo che Denomina- 

tion of the Rumb paſſing between any two Places, is called the Bearing 

of the ſaid Places. Hence, the Rumb, Courfe, and Bearing, do all ſignify 
the ſame thing; viz. the Z which they make with the Meridian. 


III. The Length of the Rumb intercepted between any two Places, is 
called their DisTtance (upon that Rumb ;) but this Diſtance is never the 
ſhorteſt, but when the two Places are either under the Equinoctial or 
the ſame Meridian. | k, ith 


IV. The Length of any Parallel of Latitude intercepted between any two 
Meridians, is called the Mzzxipionat Distance, (in that Parallel.) 

From Defin. 2. it follows, (fince none but the Equator and its Parallels 
cut the Meridians at equal Angles) that all Rumbs, (excepting the four 
Cardinals) muſt be Curves or Heliſpherical Lines, always tending towards 
the Pole, and ſo approaching it by infinite Gyrations or Turnings, but 
never falling into it: Thus, in Fig. 2. Plate 3, where P repreſents the Pole 
of the World, AQ an Arch of the Equinoctial; the Curves A BP, ACP 
are Rumb Lines; the firſt whereof (ABP) makes an E of 4 Points, and 
the other an Z of 6 Points with the Meridian. Now from the Defini- 
tion of a Rumb Line, the ſeveral Z at the Points A, a, a, B, made by the 
Rumb AB P, and the Meridians paſſing through the ſaid Points, are all 
equal: alſo the ſeveral £* at the Points A, b, &, C made by the Rumb 
ACP, and the reſpective Meridians, are likewiſe equal. In like man- 
ner, if you conceive Meridians to be drawn through any other Points in 
the ſaid Rumbs, the Z' made thereby will be all equal; whence it fol- 
lows, that a Rumb can never fall into the Pole, though it may approach 
it infinitely near. And you may obſerve, that the nearer any two Places 
are to the Equator, the nearer does the Rumb, paſſing between them, 
approach to the Arch of a great Circle ; and the contrary. 

Before we begin to examine into the Nature and Properties of the ſe- 
veral Parts of the A' formed by the Rumb Lines, Meridians, and the Pa- 
rallels of Latitude, I ſhall ſhew how to project the Sphere iz Plano, in ſuch 
a manner, that they may be truly repreſented by right Lines; the Degrees 
of Latitude and Longitude bearing the ſame proportion to each other, as 
they do upon the Globe. In order to which, it is neceſlary to premiſe the 


following 


L EMMA. 


The Degrees of Longitude, (or the Diſtance Eaſt and Weſt intercepted 
between any two Meridians) continually decreaſe towards the Pole, in 
the ſame Proportion that the Co-Sines of the Latitudes grow leſs than 
the Radius. | 


Let 
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a7 


Let P repreſent the Pole of the World, PQ a Quadrant of the Me- Fzg. 3. 


AIdian. CO the Semidiameter of the Equator, and A B (CD) the 
e, OS of any Parallel (for Examp. of 60*;) then is AB the Co- 
Sine of the Latitude of the Arch QB, (C Q being Radius ;) whence it is 
evident, that the Radius, (SCQ,) is to the Co-vine of the Latitude 
(AB as the Semidiameter of the Equator (=C Q,) to the Semidia- 
of the Parallel. == | | 

| 1 (becauſe the Peripheries of all Circles are directly as their Ra- 

dij) it follows; 7 3 

1. The Circumference of the Equator, Is to the Circumference of any Parallel; 
As the Radius, To the Co-Sine of the Latitude of the ſaid Parallel. 

And ſince ſimilar Parts have the ſame Ratio with their Wholes, it 
ollows 44 620Þ | 
f. 2. The Length of a Degree, or any Portion of the Equator, Is to the Length 
of à Degree, or the like Portion of any Parallel; As the Radius, To the Co-Sine 
of the Latitude, or Diſtance of that Parallel from the Equator, 

Again, becauſe the A* CDB, CQE are Similar, it will be, 


CD: CB::CQ: CE; that is, 


As the O- Sine of the Latitude of any Parallel, Is to the Radius; So is the 
Radius, To the Secant of that Parallel, Whence it follows, 

3. As the Secant of any Parallel, Is to the Radius; So is the Length of a 
Degree, or ſmall Portion of the Meridian, (which is always equal to the like 
1 of the Equator) To the Length of a Degree, or the like Portion in that 
Parallel. 2 

From the Conſideration of the laſt Corollary, Mr. Edward Wright (the 


famous Inventor of the following Projection) made the Meridians parallel 


right Lines, and ſo protracted. or lengthened the Degrees of Latitude in 
the Projection, in like proportion to thoſe of Longitude, as they are upon 
the Globe: that is, By making a Minute (or ſmall Portion) of Latitude 
ſo protracted, To a Minute of Longitude ; As the Secant of the Latitude, 
Is to the Radius. Hence it follows ; | 

1. The Length of an Infinitefimal Arch upon the inlarged Meridian, is every 
where equal ts the Secant of the Arch contained between it and the Equator ; the 
like infiaitefimal Arch of the Equator being made Radius. 

2. The Diſtance of any Parallel from the Equator, is equal to the Sum of all 
the Secants contained between it aud the Equator, 

3. The Diſtauce between any two Parallels on the ſame Side of the Equator, 
is equal to the Difference of the Sum of the Secants, (of all the Arches,) con- 
tained between each of the Parallels and the Equator. 

4. The Diſtauce between any two Parallels on contrary Sides of the Equator, is 
equal to the Sum of the Sum of the Secants, (of all the Arches) contained between 
each of the Parallels and the Equator. 

Note, In the three laſt Corollaries, the ſame. infiniteſimal Arch men- 
tioned in the 1 Cor. is underſtood to be made Radius. ha 
| * 


Plate 4. 
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The eſſential Property of this incomparable Projection, being thus found 


out and demonſtrated ; the next thing requiſite was to form a Table for 


the ready dividing of the Meridian. 

Now, it being demonſtrated, that the Diſtance of each Point of Lati- 
tude from the Equator, (in this Projection) is equal to the Sum of the 
Secants of all the intermediate Arches contained between any Parallel 
and the Equator ; Mr. Wright ſet about forming ſuch a Table by the 
continual Addition of the Secants of all the Parallels of Latitude; begin- 
ning with the Parallel of 1 Min. (which he made Radius) and thereto 
adding the Secant of the 2d Parallel, or of 2' and to the Sum of theſe 
two adjoining the Secant of 3 Min. Cc. 6 

As for Example, the Secant of 1 Min. which is 10.000000, ſheweth 
the Diſtance of 1 Mir. of the Meridian from the Equator in the Nautical 


Chart; to which, if the Secant of 2' be added, which is 10.000002, the 
Sum ==20.000002 gives the Diſtance of 2 Min. from the Equator ; to this 


Sum add the Secant of 3/, which is 10.000004, the Sum ==30.000006 is 
the Diſtance of 3 Min. from the Equator, Oc. and the Table thus formed 
is that which is commonly called, 4 Table of Meridional Parts. 

A Table conſtrued as above, is ſufficiently exact for all Uſes in Na- 
vigation, though it may differ ſomewhat from the Truth, becauſe the 
ſeveral Arches taken ſhould have been infiniteſimals; but the Error in all 


Caſes (at leaft ſo far as Navigation is praCticable) is ſo ſmall, that it 


need nor be regarded. 

From a Table of Meridional Parts ready calculated, it will be eaſy 
to make a true Nautical Chart (commonly called Mercator*'s) that ſhall 
contain any Number of Degrees of Latitude and Longitude. For Ex- 
ample, let it be required to make a Chart to reach from the Equator to 
the Parallel of 70 Degrees of Latitude, and to contain 90 Degrees of 
Longitude. 

1. Draw an Eaſt and Weſt-Line AQ, for to repreſent the Equator, 
and at right Angles to it, draw the Meridian Line E V. | 

2. From a convenient Scale of equal Parts lay 5400 (the Number of 
Min. in 9o Deg.) from E to Q; and draw Q W parallel to V. 

3. Lay the Meridional Parts anſwering to 70 Deg. of Lat. =5966 from 


A to V, and from Q to W, and draw the Line VW, and the Chart is 


limited. 

4. With 600 betwixt the Compaſles aivide the Lines AQ, VW into 
9 equal Parts, or to every 10 Degrees, and draw the Meridians 10 10, 
20 20, c. then ſubdivide each of theſe Diviſions into 10 equal Parts for 
Degrees, through which, if your Scale is pretty large, you may draw 
Meridians as before; again, you may ſubdivide each of theſe Degrees 
into ſo many aliquot Parts as the Length of a Degree will admit cf. 

5. When the Chart commences from the Equator (as in this Example, ) 
take the Meridional Parts out of the Table anſwering to each Degree, &c. 
A Latitude, and (from the ſame Scale wherewith the Equator was divided) 

lay 


| 
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lay the ſaid Meridional Parts ſeverally in the Lines E V, QW, from 


and Q; then through every 10 Degrees (or as you judge moſt con- 
venient) draw the Parallels of Latitude 10 10, 20 20, Cc. and the Chart 
is finiſhed. 
N. B. It is cuſtomary, whether the Chart be for a Northern or Southern 
Latitude, to make the Top or Fore- part the North : But the Meridians 
may be numbered either Eaſterly or Weſterly, as you judge convenient. 
If the Chart does not commence from the Equator, the Meridians may 


be drawn after the ſame manner as in the aforegoing Example: But in 


order to draw the Parallels of Latitude, ſubſtract from the Meridional 
Parts anſwering to each Point of Latitude the Meridional Parts anfwering 
to the leaſt Latitude in the Chart, and lay the Differences ſeverally upon 
the two extreme Meridians, from the Parallel of the leaſt Latitude, and 
through the Diviſions of every 10 Degrees, or as you judge moſt convenient, 
draw right Lines repreſenting the Parallels of Latitude, as before. 

Or, the Meridian may be divided without any previous Subſtraction of 
the Meridional Parts ; Or Example, let it be required to divide the Me- 
ridian from 20 to 50% 1. Set 225 the Exceſs above 1000, of the Me- 
ridional Parts anſwering to 20 Deg. downwards from 20 in the Meridian 
to p; from the Point p lay 289, the Exceſs of the Meridional Parts an- 
ſwering to 21 Deg. above 1000 upwards, and that will give the Point an- 
ſwering to the Parallel of 21%. In like manner ſet the ſeveral Exceſſes 
(above 1000) of each Point of Latitude upwards from p, until you come 
to the Parallel of 325, where the Meridional Parts exceed 2000; then lay 
28 the Exceſs of the Meridional Parts anſwering to 32 Deg. of Latitude 
(above 2000) from the Point of 32* downwards to q, and from the Point 
q lay 99 the Exceſs (above 2000) of the Meridional Parts anſwering to 
33 Deg. upwards to 33?, Oc. Thus, the Meridian Line may be divided 
with as much Eaſe and Expedition, as if it were a Line of equal Parts. 

After the ſame manner may the Minutes, (or any Point of Latitude) be 
ſet _ by taking the Exceſſes of their Meridional Parts, as above di- 
rected. | 

N. B. For Diſtinction ſake, the equal Degrees, &c. upon the Meridian, 
contained between any two Parallels, (winch are every where equal to 
the Degrees, Ic. upon the Equator,) are called the Proper Difference of La- 
titude ; and the Difference of the Meridional Parts anſwering to any two 
Latitudes, is called the Meridional Difference of Latitude. 

Upon a Chart thus made, all Places may be laid down true, according 
to their Latitudes and Longitudes; the Degrees of Latitude here increa- 
(ing, in the ſame Proportion that the Degrees of Longitude decreaſe upon 
the Globe; as for Example, the Diſtance between the Parallel of 6 and 
the Parallel of 1 Min. diſtant from it, is twice as great as the Length of 
1 Min. of Longitude ; the Diſtance between the Parallel of 70 and the 
Parallel of 1 Min. next adjacent to it, is near three times as great; and 
the Diſtance between the Parallel of 80* and the next Parallel to it, is 
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above 5 times as great as a Minute of Longitude in this Projection; ex- 
actly anſwering to the Proportion a Minute of Latitude has to a Minute 
of Longitude, in theſe Parallels upon the Globe; and ſo of all the reſt. 

Becauſe the Meridians here are all parallel right Lines, it follows, that 
all the Rhumbs (or the Paths deſcribed by a Ship, in failing according to 
the Direction of the Compaſs) are perfect right Lines; which Property 
renders this Projection far more uſeful and commodious for the Mariners 
Uſe, than any other whatſoever. 

The ſeveral Uſes of this Projection, and how to ſolve all the Caſes re- 
lating to the Ship's Motion upon a Rhumb thereby, ſhall be ſhewed in 
Se. 2. of the next Chapter, I ſhall next proceed to examine into the 
Qualities and Properties of the Triangles ( already mentioned to be ) 
formed upon the Globe, by the Meridians, Parallels of Latitudes, and the 
Rhumb-Lines. 

Let there be drawn a Rhumb-Line A H (for example here, of 3 Points 
from the Meridian) quĩte athwart the Chart; and from the ſeveral Points 
B, C, D, &c. where the ſaid Rhumb interſects the Parallels of every 10 
Degrees of Latitude, let there be drawn the Meridians Bb, Ce, D d, &c. 
from each Parallel to the next Parallel of xo Degrees; then make A a, B a, 
Ca, D a, Cc. equal to the Proper Difference of Latitude of 10 Degrees, 
which of neceſſity muſt be every where equal. 

Agam, from the ſeveral Points a, draw the ſeveral Lines ab all at 
right Angles to the Meridian; which Lines may be called the DRPAR= 
TURE. N 

Now in the ſeveral A* AaB, B4C, Ce D, &c. A a, BI, Cc, D d, '&c. 
are the Meridional Differences of Latitude (or the Diff. of Latitude accord- 
ing to this Projection) A a, B a, Ca, Da, Oc. are the proper Differences of 
Latitude; the Segments of the Parallels à B, 5 C, d E, e F, &c. are the Dif- 


ferences of Longitudes; The ſeveral 4. at A, B, C, D, &c. are the Courſe ; 


And the ſeveral Lines a 6 the Departures; The Segments of the Rhumb-Line 
Ab, Bb, Cb, Cc. are the Diſtances upon the Rhumb in equal Parts; and 
the Segments A B, B C, CD, @c. intercepted; between the Parallels, are 
the Diſtances according to this Projection. | 

Now, becauſe in the ſeveral * AA B, BSC, Ce D, &c. the Meridians 
Aa, Bb, Cc, Dad, Cc. are all parallel to each other, and the Rhumbs AB, 
BC, CD, Cc. are all Segments of the ſame right Line; it follows, that 
the Courſes, or the ſeveral. Z* at A, B, C, Cc. are all equal, in this Ex- 
ample = 3 Points. Again, becauſe the right Lines a B, 6C, c D, d E, Sc. 
and alſo the ſeveral Lines ab, are all parallel, all theſe A* are fimilar. 
Whence ariſe the following Corollaries; 


Corol. 1. The Segments or Portions of the ſame or like Rhumh, 
contained between any two Parallels having the ſame Difference 
of Latitude, are equal to each other; that is, the Diſtance Ab. 
contained between the Equator and the Parallel of 10 Degrees 
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of Latitude, is equal to Gb the Diſtance upon the ſame Rhumb, 
contained between the Parallels of 60: and 70 Degrees; for the 
proper Differences of Latitude Aa, Ga in both Caſes is the ſame, 
and the M Aa b, Gab are ſimilar, therefore, &c. and ſo betwixt 
any other Parallels whoſe Difference of Latitude is the ſame. 

Corol. 2. After the ſame manner we prove, that to a like Di- 
ſtance upon the ſame Rhumb, or to the ſame Courſe and Diſtance, 
there will be always the ſame Difference of Latitude and De- 
parture; & vice verſa. And to the ſame Difference of Lati- 
tude and Diſtance, there will be always the ſame Courſe and De- 
parture; & vice verſa. And to the ſame Courſe and Difference 
of Latitude, there will be always the ſame Departure and Di- 
ſtance ; vice verſa, &c. 

Corol. 3. The Differences of Longitude aB, b C, cD, dE, &c. 
correſponding to the equal Departures ab, between different Pa- 
rates are unequal ; increaſing the farther they 7 the Equa- 
tor, in proportion, as the 3 Difference of Latitude to the 
Meridional Difference of Latitude; for Inſtance, in the AGgH 
lying. between the Parallels of 60 and 70 Degrees, becauſe the 
Departure a b is parallel to the Difference of Longitude g H; 
it will be, | 

Ga : Gg :: ab : gH; that is, 
As the Proper Difference of Latitude, 
Ts to the Meridional Difference of Latitude; 
So is the Departure, 
To the Difference of Longitude. 


Hence it appears, that the Departure and the Meridional Diflance, (which 
all the Writers of Navigation took to be the ſame) are difterent things ; 
for by'the preceding Lemma, the Proportion of the Meridional Diſtance (in 
Miley To the Difference of Longitude (in Deg. and Min.) in any Parallel, 
is, As the Co-Sine of the Latitude of that Parallel, To the Radius; or, 
As the Radius, To the Secant of the Latitude of that Parallel. But it 
has been demonſtrated above, that the Proportion of the Departure made 
by ſailing upon any Rhumb, between any two Parallels, Is to the Diffe- 
rence of Longitude made upon that Rhumb ; As the Proper Difference of 
Latitude between theſe Parallels, To their Meridional Difference of Lati- 
tude ; or, which is the ſame thing, As the Proper Difference of Latitude, 
To the Difference of the Sum of the Secants contained between each of 
the ſaid Parallels and the Equator. | 
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That all the Writers of Navigation miſtook the Departure and Meri- 
dional Diſtance for the ſame, may be eaſily made appear; for if they un- 
derſtood them to be different, they ought to have diſtinguiſned between 
them, but this Diſtinction was never made by any Author that I met with: 
and ſeeing that moſt Books that have been wrote upon this Subject, are, 
as it were, Copies of one another, both as to Subſtance and Method, I 
may venture to ſay, that the above-mentioned Diſtinction was never made 
by any Author whatſoever ; but on the contrary, ſome of the moſt noted 
of them expreſs themſelves in this Manner, or to this Effect; viz. © The 
Departure or the Meridional Diſtance, is the Diſtance of any two Places lying 
* under the ſame Parallel, or the Diſtance of the Meridians paſſing through two 
| e Places lying under different Parallels, numbered in Degrees or Miles of the 
« Equator,” And left the Reader ſhould think, that our Diſpute is only 
| 


about Words, I muſt take notice further, that the Quantity which they 
call the Departure or Meridional Diſtance, is ſometimes one, and ſome- 
times the other; for when a Ship ſails directly Eaſt or Weſt under any 
Parallel, the Quantity which they call promiſcuouſly as above, is then the 
Meridional Diſtance, and anſwers truly to their Definition; but when a 
Ship ſails upon an Oblique Rhumb, what they call the Departure or Me- 
ridional Diftance, then anſwers only to our Definition of Departure ; (as 
appears from the Data for finding it) and conſequently is quite another 
| thing from what they took it to be; and fince we never had but one Defi- 
| nition of theſe two different things, I preſume it is ſufficiently plain, that 
| all the Writers upon this Subject took them to be the ſame. And though 
| 
| 


it may be alledged that the Rules called Mercator's Sailing are true, (which 

indeed are demonſtrated ſo to be, in the laſt Cor. foregoing) yet as I have 

made it appear, that the Departure, (or the Quantity ſo called) concerned 

in theſe Rules, is a different thing from that which the Writers of Navi- 

gation took it to be; it appears farther that theſe Rules are true, when 

theſe Authors differ from themſelves, and conſequently their Writings are 
| ſo much the more abſurd. 2 

Here, I find myſelf under a neceſſity of taking notice of a Paragraph 

in Ne. 219. of ſome Philoſophical Writings, wherein the Author of an in- 

genious Tract in the ſaid Numb. made no diſtinction betwixt the Depar- 

ture and the Meridional Diſtance ; viz., © Becauſe that in every point of 

q * any Rhumb-Line, the difference of Latitude is to the Departure, as the 

| | Radius to the Tangent of the angle that Rhumb makes with the Meri- 

; * dian; and thoſe equal Departures are every where to the differences of 

i * Longitude, as the Radius to the Secant of the Latitude; it follows, &c.“ 

| 'The Proportions expreſſed in the afore-cited Paragraph, I have already 

demonſtrated to be true, the one of the Departure only, and the other of 

the Meridional Diſtance only ; and I have likewiſe demonſtrated, that the 

Departure and Meridional Diſtance are things vaſtly different, and conſe- 

quently ought to have been diſtinguiſhed under different Denominations. 


'The 
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The Author of the Treatiſe above-mentioned, being a Perſon who by 
ſeveral learned and ingenious Tracts, has given the World a ſufficient 
Proof of his eminent Skill in all Parts of the: Mathematicks ; I was very 
unwilling to take notice of the above-cited Paragraph, as a Miſtake : but 
becauſe what I have advanced — to the Departure and Meridional 
Diſtance, is, I think, entirely new; I was obliged to+be the more particu- 
lar, in order to obviate the ObjeCtions perhaps ſome might make againft 
me, upon our Author's Authority, as well as that of the Place where the a- 
foreſaid Tract is inſerted ; and the more fo, becauſe I find the ſame Ex- 
preſſion verbally uſed by one of our moſt eminent Writers of Navigation. 

Some of the Writers of Navigation ſay, that the Departure or Meri- 
dional Diſtance, is the Difference of Longitude according to the Plain 
Chart, which ſuppoſes the Earth to be one continued Plain, or Flat; as 
to thoſe Gentlemen, I do not think it worth while to diſpute with them, 
any more than if they had ſuppoſed the Earth to be a Pyramid, or of any 
other Figure ; but under the next Corollary I ſhall ſhew, that the Rules 
which they call Plain Sailing are ſtrictly true, though undoubtedly falſe 
according to their Notions of the Earth being a Plain. 

From the laſt Corollary and the preceding Lemma, the Error as well as That mid- 
the Abſurdity of what the Writers of Navigation call middle Latitude dle Lati- 
Sailing, may be eaſily made appear. The Rules called middle Latitude % /*#- 
Sailing are grounded upon this Suppoſition ; viz. That the Co-Sine of the ,,S......4 
middle Latitude, the Radius, the Departure or Meridional Diſtance, and the abſurd. 
Difference o Longitude, are directly proportional. | 

What firſt introduced this abſurd Notion of middle Latitude Sailing, I 
can't conceive ; but here it ſeems the Authors imagined, that the Depar- 
ture or Meridional Diſtance (as they call it) made upon an Oblique Rhumb, 
is a Mean betwixt the Meridional Diſtance intercepted in each of the ex- 
treme Parallels betwixt the Meridian departed. from, and that arrived to; 
but it has been already demonſtrated that there is no manner of relation 
betwixt the Departure and Meridional Diſtance, therefore their Notion muſt 
be falſe: but granting the ſaid Notion to be true, becauſe the Co-Sines of 
the Latitudes do not decreaſe in an arithmetical Ratio, the aforeſaid Pro- | 
portion will even then be falſe. | 

Again, If we take the Departure to be what it really is, I do not con- 
ceive how we can make any manner of Compariſon betwixt the true Pro- 
portion, and that which they make uſe of; the true Proportion is, As the 
Proper Difference of Latitude, To the Meridional Difference of Latitude ; So the- 
Departure, To the Difference of Longitude. The two laſt Terms in this Pro- 

ortion, being the ſame with the two laſt Terms in the fore- mentioned 

roportion of middle Latitude Sailing; it follows, that there ſhould be ſome: 
Similitude betwixt the two firſt in each; 


5 4 As the Proper Difference of Latitude, To the Meridional Diff. of Latitade. 
* C As the Co-Sine of the middle Latitude, To the Radius. 


Bug 
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But how theſe two Ratio's may be compared together, is what I can't 
conceive. TY 

Here perhaps ſome may ſay, that notwithſtagding theſe Rules are falſe, 
yet in Voyages near the Equator, and alſo in very. ſhort Runs, the Error 
is but ſmall; I grant, that near the Equator, the Difference betwixt the 
Length of an Arch-of a Parallel, and a correſpondent Arch of the Equa- 
tor, is not very great, and conſequently there the Error cannot be ſo 
conſiderable ; and undoubtedly in very-ſhort Runs the Error cannot be fo 
great as in long ones: But for as much as theſe Rules are every where 
More or leſs erroneous, it is certainly very abſurd. to uſe them ; and the 
more ſo, becauſe there is neither time nor trouble ſaved. The Abſurdity 
of uſing theſe Rules appears farther from their Multiplicity, their makin 
more Variety of Caſes than all the true ones put together. It is very odd, 
that People muſt thus burden their Memories with a heap of Fallities ! 
and I am very apt to believe, that the Multiplicity of Rules heaped toge- 
ther in our Books of Navigation, has often deterred Mariners from learn- 
ing what they really ought, and more. eſpecially, becauſe they ſee all theſe 
Rules different, and do. not- know which. to-chuſe ; and I often admired 
how deliberately the Writers of Navigation (and I ſuppoſe the Teachers 
the ſame) teach the Geometrical Conſtruction of theſe erroneous Caſes, 
tho at the ſame time they are grounded upon no one Principle in Geometry, 
no not even ſo much as upon any Hypotheſis of their own. 


Corol. 4. 2 a Ship, either from. the Equator, or from ſome 
Parallel of Latitude, ſuppoſe from. A in the Parallel of 60 Deg. 
ſails upon any Rhumb towards the Pole, until ſhe arrives, ſuppoſe 
at B in the Parallel of 70 Deg. If ſhe returns upon the oppoſite 
Rhumb B A, ſhell make the ſame Departure and Difference of 
Longitude homewards, as ſbe did in her Voyage outward. 


This is evident of itſelf, becauſe the Differences of Latitude A a, Ba, and 
alſo the Courſes CAB, ABD are equal, the Departures ab, b a, (as alſo 
the Diſtances A, Bb) muſt be likewiſe equal; again, becauſe the Meridi- 
onal Differences of Latitude AC, BD are equal, the Differences of Longitude 
AC, BD muſt be likewiſe equal. | 

Hence, it appears farther, that Plain Sailing, or the Rules ſo called, are 
ſtrictly true; for, any two given of theſe four; viz. the Courſe, Diſtance 
ſailed, Difference of Latitude, and Departure, together with the Latitude 
failed from, will determine the true Place of the Ship : yet Plain Sailing, 
according to the Senſe in which it has hitherto” been taken, is falſe ; for 
if the Earth be ſuppoſed to be a Plain, I preſume none will deny its being 
then falſe; and again, becauſe it has been demonſtrated, that none of the 
Writers of Navigatin underſtood the Nature of Departure, it follows, 
that it is every way falſe according to their Precepts. 
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From this Corollary, and the aforegoing one, it appears that the De- 
parture is a Quantity of no determinate Length, (and therefore cannot 
be any way expreſſed upon the Globe ) but only an Ordinate of a 
Circle, as ſometimes a Sine, and ſometimes a Tangent, according to which 
Side of the Triangle is made Radius; and conſequently there is as wide a 
Difference betwixt the Departure and Meridional Diſtance, as there is be- 
twixt an Angle and a Side, or betwixt a Circle and a Right Line; and the 


Writers of Navigation might as well take the Latitude and Longitude, or the 
Courſe and Diſtance, &c. for the ſame thing, as the Departure and Meridio-- 
nal Diſtance. | 


That if a Ship ſails upon any Rhumb from the Equator towards the 
Pole, and then returns upon the oppoſite Rhumb, ſhe'll arrive to the Place 
ſhe departed from, is a Truth ſo evident, that I ſhould not have taken 
notice of it, had not I met with. ſome People of a contrary Notion ; to 


ſupport which, a reputed Author upon this Subject, in a Book. entituled, 


A Syſtem of the Mathematicks, Vol. I. page 145, argues thus; 


” 
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If aShip in ſailing from A, upon a given Rhumb and a given Diſtance, Plate 3. 
© arrive at h, in returning back by the oppoſite Rhumb, ſhe will not arrive Fs. 2. 


at A, but fall wide of it nearer to /; for becauſe A! is greater than 
ab, the Angle A is greater than a Ab, and conſequently the Ship 
© in returning, muſt ſail upon a different Rhumb, making a greater Angle 
« with the Meridian, to arrive at A.” | 

What led People into this Miſtake, muſt be (from their way of ar- 
guing) their wrong Notion, that the Departure (ſo called, ariſing upon an 


Oblique Courſe) is the Diſtance between the Meridian departed from, and 


that arrived into; the Error of which Notion I have already ſhewed. 
However, I ſhall endeavour to convince them of their Miſtake, . their 
own way of Reaſoning ; for though the Arch ab is leſs than the Arch. A I, 


yet it contains the ſame number of Degrees, becauſe both the Arches are 


intercepted between the ſame Meridians ; and conſequently if theſe Arches 
were the Meaſures of. the Angles aforementioned, the ſaid Angles would 
have been equal. But the Rhumb A b is not any wiſe affected by theſe 
Arches, for it is the eſſential Property of a Rhumb-Line to make the ſame. 
or equal Angles with all the Meridians through which it paſſeth ; and ler 
the Compaſs be placed in what Point ſoever of the Rhumb Ab, it is 


very abſurd to ſuppoſe that it will not there point the ſame way, 


whether the Direction of the Ship be from A towards b, or from b 


towards A, 

The ſame Author continues; And this is one notorious Error that 
* attends the Plain Sailing, and is the Reaſon why thoſe who keep their 
Reckoning by the Plain Chart are forced to make more Eaſting or Weſting, 
* as they call it, to arrive at the ſame Place when they ſail towards the Equa- 
tor, than when they ſail from it, though they know. not from whence the Cauſe 
C6. 33 | 
proceeds. 

1. 


That 
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That the Plain Chart is falſe, is a Truth ſelf- evident, and that Plain 
Sailing is falſe according to the Senſe in which it has hitherto been taken, 
(though true in itſelf,) has been already ſhewed above; and. alſo the ſaid 
Ipference, viz. That People muſt make more Eaſting or Weſting (by which is 
meant the DrraR TUR to arrive at the ſame Place, when they ſail towards the 
EqQuartoR, than uhen they ail from it, has been likewiſe ſhewed to he falſe; 


yet as this is a prevailing Notion, I believe univerſally received, at 


leaſt diſputed by none, I ſhall farther ſhew its Falſity under the ſeventh 
Corollary. 


.Corol. 5. Tf. a Ship plies upon any number of Courſes, and then 
returns homewards npon the oppoſite Rhumbs, and ſails the ſame 
Diſtance upon each Rhumb reſpectively, as ſhe did in her Voyage 
outwards, the Departure and Difference of Longitude made good, 
in both theſe Voyages, will be the ſame. 


For by the preceding Corol/ary to each Courſe and Diſtance outwards, and 


the correſpondent Courſe and Diſtance homewards, there will be the ſame 


Departure and Difference of Longitude ; therefore it follows, that the whole 
Departure and Difference of Longitude made in both theſe Voyages, will _ 


be che tame. 


Corol. 6. Va Ship From any Place, ſuppoſe from A in the Parallel 


of 20 Deg. plies upon any number of Courſes (AB, BC, CD, ec.) 
before ſhe arrives to G in any other Parallel; the Difference of 


Latitude 


2 Longitu 74 ſbe then males good, will be equal to the Sum of 


the Differences of {5 We correſponding to each ſingle 


Longitude 


Courſe, when the Differences of 12 _— are all the ſame 


way : But when the Differences of 4 data + are of diffe- 
rent Denominations, the Difference of the Sums of the Diffe- 


Latitude 1.5 Northerly and Southerlyt _ . 
rences of 1 Longitu  Fmade$ Eaſterly . 4 Weſterly Coil be the 


Difference of 3 2 * made good ; which muſt needs be of 
the ſame Denomination with the greateſt: Alſo the Difference 
of Latitude and Longitude made gaod, will be equal to the Dif- 
ference of Latitude and Longitude the Ship would have made, if 
ſhe had ſailed from A to G upon a direct Courſe. 1 
This 


Set. 3. Nautical Definitions and Theorems. 


This Cor. is pretty evident of itſelf, but as it is an important Article in 
Navigation, we ſhall not paſs it over without a Demonſtration. 1. When 
the Ship is at B, A @ is the Difference of Latitude ſhe made upon the Rhumb 
AB, and aB (=H g) the Difference of Longitude, 2. B Sac is the Dif- 
ference of Latitude made upon BC, and conſequently Ac is the Difference 
of Latitude made upon the two Courſes AB, BC; again, C () is 
the Difference of Lon itude correſponding to the Rhumb B C, and there- 
fore H (H g—bg) is the Difference of Longitude made good when the 
Ship is at C, 3. Becauſe CD is (here ſuppoſed to be) an Arch of a 
Parallel, the Points D and C are both in the ſame Latitude, and CDi 
js the Diff. of Longitude made upon CD, which added to Hi gives Hz 
the Dif. of Long. of the Point D (from the Meridian of A.) 4. DE is 
here 1uppoſed to be an Arch of the Meridian, therefore the Sap has not 
altered her Longitude in failing from D to E; but the Difference of La- 
titude is the Diſtance ſailed D Ec d, and conſequently A 4 (=A «+c d) 
is the Difference of Latitude made upon the ſeveral Courſes from A to E. 
5. Ede is the Diff. of Latitude made upon the Rhumb EF, which be- 
cauſe it is towards D muſt be ſubſtracted from A d, and the Remainder 
Ae is the Difference of Latitude made good, when the Ship is at F; again, 
FF =ik is the Diff. of Longitude made upon the Rhumb E F, and this 
added to Hi gives H & the Difference of Longitude made good, upon the 
ſeveral Courſes from A to F. Laftly, Fk (=eH) is the Difference of 


Latitude, and & G the Difference of Longitude made upon the Rhumb 


FG; and theſe added to Ae and H k, give AH and HG the whole 


Difference of Latitude and Longitude made in failing upon the ſeveral Courſes. 


from A to G. And it is evident, that A H (zo) would be the Diffe- 


rence of Latitude, and H G the Difference of Longitude, the Ship would have 
made if ſhe had ſailed directly from A to G. 


Although it has been demonſtrated here, that the Difference of Latitude 


and Longitude made good, in ſailing any how betwixt any two Places, will 
be always the ſame; yet the Sum of the Departures will not always be 
the ſame, as ſhall be demonſtrated in the following 


Corol. 7. 1f a Ship plies upon ſeveral Courſes in ſailing be- 


tween any two Places, the computed Departure may be either 
greater or leſs than the Departure ariſing upon a ſingle Courſe 
betwixt the ſaid Places; and that alſo more or leſs, according 
to the Quality of the Courſes: Alſo the comouted Departure, 
made in ſailmg from any Place towards the Equator, may be 


either greater 'or leſs than the computed Departure in return- 
mg home. 


ö 

For Examp. Suppoſe two Ships ſet ſail from A in the Parallel of 50 
Deg. and that one fails NN E until ſhe comes to B in the Latitude of 60, 
and then NE E to C in the Lat. 1 70 Degrees; and the other ſails 


N 
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NE E from A to D in the Parallel of G0, and then NNE till ſhe, 
comes to E in the Parallel of 70 Degrees: Through the Points B and D 


draw the Meridians B m, D n; then make A a, Bd, Df each equal to the 


proper Difference of Latitude of 10 Deg. and through the Points a, d, and 7, 
draw the Lines ac, de, fg at right Angles to the Meridian. Now it is 
evident, that the Departure ab is equal to the Departure Fg, and alſo 
that the Departure ac is equal to the Departure de; therefore the Sm: 
of the Departures made by theſe two Ships are equal, that is, the Sum 
of the Departures made in failing from A to B, and from B to C, is equal 
to the Sum of the Departures made in ſailing from A to D, and from D 
ro E. 'Through the Point F (where the Rhumbs BC, DE interſect) 
draw-F G-at right Angles to the Meridian; now becauſe AD, BF, and 
AB, DF, are parallel, the alternate Z* A DB, FB D, and ABD, FDB 
are equal, therefore the A* ABD, BDF are equiangutar, and becauſe 
they have one Side B D common, they are alfo equilateral, and con- 
ſequently DF, and AB are equal; and becauſe A is parallel to 
DH, and KDto GF; Ak, DH, and & B, HF, and alſo K D. GF 
are equal. Through the Point F draw FI parallel to the Meridian: 
Then becauſe DH=Ak; FI( AH) is the Exceſs of the Meridional 
Difference of Latitude between the Parallels of 60 and 70 Degrees, 
above the Meridional Difference of Latitude contained between the Pa- 
rallels of 60 and 50 Degrees. Now, if we make the (aid Exceſs FI 
Radius, the Exceſs of the Difference of Longitude K C above the Dif- 
ference of Longitude K E, will be equal to the Difference of the Tangents 
of the IFC and IFE. And thus it appears in what proportion (in this 
Example) the Difference of Longitude made by one Ship is preater than 
the Difference of Longitude made by the other. Again, if the Line DC 
be drawn, it will be very evident why the Departure F h is greater than 
the Departure F g, and conſequently why a Ship in ſailing along the Rhumbs 
AD, DC, will make more Departure than if ſhe had failed along the 
Rhumbs A B, BC, to the ſame Point C. | 

Hence appears the Errors of thoſe who ſuppoſe, that a Ship failing 
towards the Equator will always make more Departure than when ſhe 
ſails betwixt the ſame Places from it. For, If a Ship from A in the 
Parallel of 5o Degrees fails towards the Pole upon the Rhumbs A D, 
DC, and then returns back towards the Equator, upon the Rhumbs CB, 
B A; the Departure in this Caſe made towards the Pole, will be greater 
than the Departure homewards towards the Equator : But if the Ship had 


ſailed outwards upon the Rhumbs A B, B C, and homewards upon. the 
Rhumbs CD, D A, the Caſe would have been the contrary : And it has, 


been demonſtrated before, that if the Ship had ſailed outwards and home- 
wards upon the oppoſite Rhumbs, the Departure in both Voyages would 
have been the ſame. 3 


If the Points B and D were at a greater Diſtance from each other, the 


Difference betwixt the Departures made upon the Rhumbs AB, mr 
1 an 
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and A D, D C betwixt the Points A and C, would have been ſtill greater; 

and the ſame might happen if the Courſes betwixt A and C were more 
compounded. And if two Ships fail upon different Courſes bet wixt any 

two Places in the Chart, there will always be ſome Difference in their 
computed Departure ; (except by chance one Error ſhould corre& another) 

and that more or leſs according to the Qualities of the Courſes, and the 
Latitudes of the Places. 

Hence appears the Errors of thoſe who keep their Reckonings by Me- 1e Error 
ridional Diſtance ; by which they mean the Sum of the ſeveral Departures of keeping 
correſponding to each fingle Courſe : and if the Ship ſhould ſail under a 3 
Parallel, they add that Meridional Diſtance likewiſe to the Sum of the 3, 11. 
Departures, and call the whole the Meridional Diſtance* as before. ional Di- 

What led People into this Error, I ſuppoſe may be their miſtaken Notion Hance, - 
of Departure and Meridional Diſtance ; for as they took theſe two things to called. 
be the ſame, it ſeems they imagined, that the. Sn of che ſeveral Depar- 
tures would give the whole Meridional Diftance from the Place departed from: 
but had they conſidered a little farther, they would have found it to be 
"erroneous even in that Senſe ; for theſe Meridional Diſtances ought to have 
been counted ſeyerally from the ſeveral Meridians paſſing thr the 
Terms of each reſpective Courſe. But as I have demonſtrated, that 
the Departure and Meridional Diſtance are different thipgsz and alſo that 

the Sum of the ſeveral Departures made in two Voyages betwixt the ſame 
Places can neyer be the ſame, (except the Ships ſhould fail exactly in the 

"Fame 'Traft, or that one Error ſhould correct another, neither of which 
Chances perhaps ever happened) it follows, that this Method of keeping 
a Reckoning is groſly falſe; and that it is merely impoſſible by it to make 
the ſame Reckoning twice betwixt the ſame Places: and ſeeing this is the 
"Method which is (almaſt) univerſally practiſed, the LJacertainty of Mariners 
:Reckonings is not to be wondered at. 
Since the Nature of the Departure was never underſtood, it is no wonder 
i that Miſtake led People into deveral Errors : but having now, I pre- 
ſume, clearly demonſtrated the true Theory of Navigation, and from thence 
the ſeveral Errors of the Writers upon that Subject; I hope for the ſu- 
ture, that Mariners will be pleaſed to conform themſelves to Truth, and 
wholly lay aſide their erroneous Practices; and then there will be no room 
to doubt, but that they will find by Experience, that the Uncertainty 
of the Data in the Pratice of Navigation, is not near ſo great as what 
has hitherto been imagined. | 


I 2 CHAP. 


NAVIGATION. 


CEDOOEDOOEDOIEDIEEDOIEDOIEIEIEGIDIIDIDO 
63999: e 


CH A P. II. 


NAUTICAL PROBLEMS. or, 
The Solutions of all the Caſes in Na- 
vigation, that ariſe in ſailing _ a 
 Rbumb. 


the Difference of Latitude. 


is divided into 60 Geographical or Nautical Miles ; wherefore the Difference 


of Latitude in 
by 60. 


Miles NO viding 


PRO B. I. Having both Latitudes given, to. I" the Difference 
| of Latitude. 


Rule. If the Latitudes are of iferene FDenominatin, their —_— 


is the Difference of Latitude required. 
Examp. 1. Let it be required to find the Difference of Latitude betwixt 


the Lizard in Lat. 49 55 North, and Gibraltar lying in 36? 12 North. 


From the Latitude of the Lizard 49 55 N | S 
Take the Latitude of Gibraltar 36 12 N 
" 13 43 Deg. & Min. 
Remains their Difference of Lat. 60 
| 823 Miles. 


Examp. 2. The Difference of Latitude betwixt Cape-Finiſter lying in tho 
Lat. of 48* 06” North, and the Cape of *. in the Lat. of 34* 25 


South, is required. 25 


Chap. II. 


IRST, I ſhall rea the following general Rules relating to- 
Note, A Degree of a Great Circle upon the Superficies of the Earth 


Mies i. reduced into 4 Miles Fo Tr as A 


” 
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Wir Problems. 


To the Lat. of Cape Finiſter 48* 06/ N. 
Add the Lat. of the Cape of Good-Hope 34 25 8. 


| 82 31 Deg. & Min. 
The Sum, is the Dif}. of Latitude 60 
4951 Miles. 


* 


PRO B. II. Having one Latitude and the Difference of. Lati- 
tude given, to find the other Latitude. 


towards | decreaſes 
titude juſt ſo much as is the Diſtance ſailed. Wherefore, 

1. If the Latitude departed from, and the Difference of Latitude made, 
are both the ſame way, that is both Northerly or both Southerly ; to 
the Latitude given, add the Difference of Latitude, and the Sum will be 
the Latitude required. 

Examp. If a Ship from the Lat. of 36* jo N. ſails Northerly until her 


Difference of Latitude be 850 Miles; I would know the Latitude ſhe 
is arrived into. | 


NV. B. If a Ship fails} fem,  Trhe Equator, the Increaſes F her La- 


To the Latitude ſailed from- 36*50'N. 
60) 

Add the Diff. of Latitude made 850 m. 14 10 Nu. 

The Sum is the Latitude the Ship isin 531 oo N. 


2. When the Latitude departed from, and the Difference of Latitude 
are of a contrary Denomination, that is, one Northerly and the other 
Southerly ; then, from the Latitude ſailed from, take the Difference of La- 
titude made, and the Remainder will be the Latitude the Ship is in. 

Examp. Admit a Ship from the Latitude of 46* 30' N. ſails Southerly 
until her Difference of Latitude be 960 Miles, and it be required to find 
the Latitude the is arrived into. 


From the Latitude ſailed from 46* 30/ N. 
60) 

Take the Diff. of Latitude 960 m. = 16 oo S!. 

Remains the Lat. the Ship is in 30 30 N. 


\ 


In this Caſe, when the Difference of Latitude is greater than the I.a- 
tirude departed from, the Ship hath croſſed the Equinoftial ; wherefore, 
from the Difference of Latitude ſubſtract the Lacitude. failed from, and 
the Remainder will be the Latitude the Ship is arrived into, of a contrary 
Denomination to the Latitude departed from. 


Examb. 


GI 
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Examp, Admit a Ship from the Latitude of 125 o' North, ſails South- 


erly until her Difference of Latitude be 18* 40), 180 it be required to 
find the Latitude ſne is arrived into. 


From the Difference of Latitude made 1840 Sir. 
Take the Latitude departed from 12 30 N. 


— —.— 


Remainder is the Lat. arri ved into 6 108. 


SECT. I. 


Containing the Solutions of the ſeveral Caſes relating to a 
ſmgle Courſe. 


[Note, All the Figares referred to in this Seffion, are in Plate 5. 


ET BA be the Proper Difference of Latitude, BL the Meridional 
Difference of Latitude, and the Z LB D the Courſe; then will A C 
be the Departure, L D the Difference of Longitude, B C the | Diſtance in 


equal Parts or Miles, and B D the inlarged Diftagce, or the Diftance 
upon the Nautical Chart. 


Now becauſe the AB LD is right-angled. at L, and AC is. parallel. to 
LD; it follows, 


1. BA: AC:: R: T. B; that is, 


As the Proper Difference of. Lavicude, I to the Departure; 
So is the Radius, To abe Tangent of the 'Courſe. F 


2. BC: AC:: R: S. B; that is, 


As the Diſtance, Is to the Departure; 
So is the Radius, To the Sine of the Courſe. 


3. BC: BA:: R: CS.B; that is, 


As the Diſtance ſailed, To the 72 Difference Latitude; 
So is the Radius, To the Co-Sine of the Courſe. 


4. R: T. B:: BL: LD; that is, 
As the Radius,. Is to the Tangent of the Gourſe ; 
So is the Meridional Difference of Latitude, To the Difference of Longitude, 


'5. BA: BL:: AC: LD; that is, 


As the Proper Difference of 1 To the Meridional Diff. of Latitude ; 
Solis the Departure, To the Difference of Longitude, 


Hence 


Sect. I: Of a Single Courſe. 

Hence it follows, | | 
I. Of theſe four, viz. the Proper Difference of Latitude, the Diſtance, the 
Courſe, and the Departure, having any two given, we may find the reſt. 

II. Of theſe five, viz. both Latitudes, the Diſtance, the Courſe, the De- 
parture, and the Difference of Longitude; any one beſides both the Latitudes 
(which muſt be either given or found) is ſufficient to find the reſt. 

Again, becauſe it has been demonſtrated in Chap. I. that the Difference 
of Longitude, the Meridional Diſtance, the Radius, and the Co-Sine of the 
Latitude, are dire&ly proportional : It follows, 

III. Of theſe three, viz. the Latitude, the Difference of Longitude, and 
the Meridional Diſtance, having any two given, we may find the other. 

Hence, This Section may be fitly divided into three Problems, according. 
to the different Nature of the Data; and withal into 13 Caſes, being pro- 
perly all the Varieties of the things required. | 


PAD B11 


Of theſe three, vis. The Courſe, the Diſtance ſailed, and the 
Difference of Latitude, any two being given; to find the other, 
and the Departure. 1 


\ 


CASE 1. 


One Latitude, Conſe, and Diſtance ſailed being given; to find 


the other Latitude, and the Departure. 
Example. A Ship from the Lizard, in the Latitude of 49* 55/ N. fails 


SWS r35 Miles; the Latitude ſhe is arrived into, and the Departure, 


isrequired. 

Conſtruction. 1. Let BA repreſent the Meridian, B the Place the Shi 
departed from, and (for Method's ſake) let the Fore-part towards A al- 
ways repreſent that part of the Meridian towards which the Ship ſailed; 


viz,, If ſhe ſails towards the Northward, let A repreſent the North, and. 


B the South part. of the Meridian, then ſhall- the Eaſt be to the Right- 
hand, and the Veſt to the Left: And on the contrary, when the Ship's 
Courſe is Southerly, let A repreſent the South, and B the North, then 
ſnall the Weſt be the Right-hand, and the Ea to the Left. 

N. B. This Diſtinction is not made out of any neceſſity, for it is not ma- 
terial which way the Triangle lies; neither in Practice is there any neceſſity 
of eonſtructing the Caſes Geometrically; but yet it is convenient that 
young Beginners ſhould uſe themſelves to delineate the Figures, and 
that in their proper Situation. | 

2. Draw B C forming an Angle of 33* 4; (= 3 Points) with theMe- 


ridian, (in this Cafe. towards the Right-hand, becauſe the Courſe is 


SW”) upon which ſet off 135 Miles from B to C; then will BC be the 
Diſtance ſailed. | 


3. From. 


P Fig. 1. 


64 
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3. From C let fall the Perpendicular CA ; then will B A be the Dife- 
rence of Latitude, (in this Examp. 8“) and AC the Departure (W",) 
each of which may be meaſured by the ſame Scale of equal Parts, that 
B C was laid off: And by Calculation, each of them may be found three 
different ways by Caſe 3. of Plain Trigon. but here it will be ſufficient 
to uſe only one way, viz. that which is judged moſt apt for Practice; thoſe 
that deſire a greater Variety may have recourſe to Set. 2. of Trigonom, 

And firſt to find the Difference of Latitude, it will be, 


| As R: C. S. B:: BC: BA; that is, 
As the Radius 10 


To the Co- Sine of the Courſe 33 45! 9.919846 
So is the Diſtance ſailed 135 Miles 2.130334 


To the Diff. of Latitude 112.2 Min. 2. 050 180 
And ſo much in this Caſe is the Ship got to the Southward of the 


Lizard; wherefore, becauſe ſhe is got nearer the Equator, 


From the Latitude ſailed from 49* 55/N. 
Take the Diff. of Lat. made 112 M. = 1 52 SY. 


There remains the Lat. the Ship is in 48 03 
2. To find the Departure, it will be, R: S. B:: BC: AC; that is, 


As the Radius f 10 
Ts to the Sine of the Courſe 33 45 9.7447 39 
So is the Diſtance ſailed 135 Miles 2.130334 


To the Departure 75 m. (in this Caſe WY”) 1.875073 


CASE 2. 


Both Latitudes, and the Courſe being given; to find the Di- 
ſtance ſailed, and the Departure. 1 f 


Examp. Admit a Ship from the Latitude of 30 15 N. ſailed on a NW4W 
Courſe until ſhe came into the Latitude of 34* oo N; and it be re- 
quired, to find her Diſtance ſailed, and the Departure. 


Lat. 34 oN Conſtruction. 1. Make B A = 225 the Difference 


30 15 of Latitude, and erect the Perpendicular A C. 
2. Draw the Rhumb-Line BC, making an £ = 


P. 45 56* 15/ with the Meridian, and continue it un- 
= til it meets with the Perpendicular AC in C; 
Dif. Lat. 225 then 1s BC the Diſtance run, and AC the De- 


partare ; 


Sect. 1. a Single Courſe. 65 
parture ; - to God each of which by Calculation, it wall be by 05 1. of 
Trigonometry. 


1. cs. B R : BA: BC; that is 
As the Co-Sine of the Corſe 56" ig, 9744739 * 2 


To the Radius rn“ 
Fo is the Difference of Latinde 225 2. 352182 PITT Me ot 
To the Diſtance ſailed 405 2.607 443 | i 
2. To fad the Deparure, it wil be, R. T:B :: BA : AC; that is, 
As the Radius, 2, 10 FE, FIRE | 


To the Tangent of the Courſe 56* 15 10, 175 wr) 
So is the Difference of Latitude 225 2. 352182 


A Deer 33 7 xc — e 


C18 E* 


Both Latit NE ab the Diſtance failed fakes: given 3 to find 
the Courſe ſteered, and the Departure. 


Example. If a Ship from the Latitude of 2* 16 N. ſails between the 
South and the Eaſt 150. Leagues, and then is found to be in the Latitude 


of 3 20'S. I would know the Courſe ſhe ſteered, and the Departure. 
Conſtruction. 1. Set the Proper Difference 


2® ay oj Fig. 3. 

of Latitude 25336 NM. from B to A, and erect Lat, 3 3208 1 
the FE / © of "2 5 3 6 

2. With the Diſtance failed =450 m. IM as 
the Compaſſes, ſetting. one foot in B, with 3 — 
the other croſs the Perpendicular AC in E. P. Diff. Lat. * 
and join BC; then is ABC the true Courſe, 150 Leagues. 
and AC the — | * 

Diſt. 450 450 Miles, 


1. To fn the 2B by Calculation, it will be, 
BC: BA:: R: C. S. B; that is, 


As the Diſtance ſailed 450 2.653412 
To the Difference of Latitude 336 2.5 263 39 
So is the Radius, | 10. 


To the Co-Sine of the Cars. 41* 42 9. "9873 I 27 


K Which 


* 
1 


6 wit 8. ge 111 1 A yl bin yo 97 D. E 1 
| Which (becauſs the Ship failed between the South and the Euſt) is 8 
414 El, or SE6S;E needy. «©. _ 


68 | ” " , „ 0 
2. To find the Departsre A C it wilkbe, 
R: S. B 1 BC: AC; that is 
As the Radius ier 7 doit eee 


99 „ + 


To the Sine of the Cure 42 9.822979 | 
o is, the Diftancy failed 459, 2653212, oo, 


12, 
-  _— 


To the Departure 299.3 E. 2.476184 


NB. When a part of the Pata is in es, (as in the Examp abore) 
it muſt be always reduced into Miles: ker che FN af r 
ou to be always counted in. Miles, and not in Leagues. 
the Departure had beem made a part of the Data, tis Problem would 
have admitted of three more Caſes ; but the Departure being a Number 
that can never be given, until it has been firſt found by ſome of the 
aforegoing Caſes, and is of no other uſe but for finding the Difference. of.. 
Hu 1 therefore: theſe Caſes, do more properly belong to the next 
roblem. w_ * SOOT Io | 


ERG 


Diſtance, 4. The Departure, 5. The Difference of Longitude ;. 
any one: beſjdes both the. Latitudes, or any two. whereby both: 
Latitudes may be found, being given z to. find the, reſt, 


Sp” 


Before any of the Caſes in this Problem can either be. conſtrucled on 


determined. by Calculation, the Meridional Parts anſwering to the Diffe.. 


rence of Latitude muſt be found; for the obtaining of which, obſerve.the: 


following Rules: 

1. When one Place is under the Equinoctial, and the other in 
North or South Latitude; er, which is all one, To find the Me- 
ridional Parts anſwering; to any given. Latitude, | 


Look in the Table of Mridional Parts for the Degrees. on the top, and: 
the Minutes in the left-hand: Column of the Table, and in the common. 
Area you'll find the Meridional Parts require. 


3 
Examp, The Meridional. Farts anſwering to the Lat. of oy 50h is. 


ts 62 40 | 
41653 = 
. 4861.1. 


2. When 
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Of theſe five, vis, 1. Buththe Latitudes, 2. The Courſe, 3. The 


* - d bi L 
1 2 : b x - 0 . * { 2 ; ; « 
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2. When the Places are on the fame Side of the Equator, that is, 
both in North, or both in South Latitude; then the Difference of 
the Meridional Parts anſwering to each Latitude, is, the Meri- 
dional Difference of Latitude required. ee ras STIR 
Examp. Let one Place be in the Latitude of 60® b N. and the other 

in the Latitude of 54 200 N. their Meridional Di ce of 'Latitude is 
required. Ne 

From the Meridional Parts anſwering to the Lat: of CO oo! = 4527.3 

Take the Meridional Parts anſwering to the Lat. of 54 20 = 3898.8 


Remains the Meridional Difference of Latitatte 3 9 628. = | 


3. When the Places propoſed ate on contraty Sides of the 
Equator, that is, one in North, and the other in South Latitude; 
then the Sum of the Meridional Parts anſwering to each Latitude, 
is the Meridional Difference of Latitude required. | 
Examp. Let one Place be in the Latitude 3020 N. and the other in 
the Lat. of 25* 50 S. required their Meridional Difference of Latitude. 
To the Meridional Parts anſwering to 30 2/ = 1911.5 
Add the Meridiamal Parts anſwering to 25 50 = 1605.3 - 


The Sum, is the Meridional Diff. of Latitude = 35168 


| CASE 4: | 
Both Latitudes and the Departure, being given; to find the 
Courſe, Diſtance ſailed, and the Difference of Longitude. 
Examp. Admit a Ship from the Lat. of 50® oo N. ſailed between the 
South and the Weſt until ſhe came into the Lat. of 46* 20' N. and that 


her Departure was computed to be 160 m. her Courſe ſteered, Diſtance 
ſailed, and Difference of Longitude is required. * 


. $ 59 00 3474 T %%% par, 
Lat. 422 rĩß—5—— my Merid. Parts. 
a — 


3 40 Merid. Diff. Lat. 330 
60 | 


Prop. Dif. Lat.220 
Conſftruftion. 1. Make BA=220 the p 


the proper Difference of Latitude, and 

upon A. raiſe the L A C=160 the Departure, and join B C | 
2. From B upon B A produced, lay the Meridional Diff. of Latitude 
==330 to L, and draw L D AC, until ic meets B C produced; 
2 | then 


p* 
i 
"x 
1 
* 
f 
* 
Y ; 
CE, 
5 
1 
-4 
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then the Z B is the Courſe ſteered, B C the Diſtance ſailed, (in equal Parts or 
Miles) and L D the Difference of Longitude. To find each of which Cal- 
culation, it will be, 


1. BA: AC: : N T. B; chat is, | 


As the Proper Difference of mk = 220 LE 22 42423 
Is to the Departure = 160 + 2.204130 

So is the Radius 10. 
To the Tangent of the Courſe 36® on | 9. 861697 


Which (becaule the Ship ſailed between the South and the Weſt,) is 8 
369017 Wu, or S W582 Wir ferb. natal; 


2. To find the Diſtance, it will be, T. B: JB:: AC: BC; that is, 


As the Tangent of the Courſe = 36 or- 8.138303 Aritb. Co. 
To the Departure = 160 7.4. +: 203120 
So the Secant of the: Courſe 36 017 10. — 34 
Jo the Diſtanco ſailed =" 272 Miles. 2.4345 57 
3. To find the Difference of Longitude, it will be, . 


R: T. B 1: BL: LD; chat is, 


As the Radiu. | | n of ca. 
To the Tangent of the Courſe 365 on | 9.861697 
So is the Meridional Difference of Lat. = 330 2.518514 


To tbe Difference of Longitude. 240! (=6? oo WY) 2 2.3 380211. 


Or, Becauſe LD is parallel to A C, the Difference of Longituds may 
be found without knowing the Courle, as followeth ; 


vis, BA': Ad :: BL: LD; chat is 


As the Proper Difference of Latitude = 220 7.657577 Ar. Co, 
To the Meridional Dif}. of Eatitude = 3 30 2.518514 
So is the Departure = 160 2.204120 


— — ww 


To the Difference of Longitude (as before) =240 2.380211 


CASE 5. 


One Latitude, the Diſtance ſailed, and Departure, being given; to 
find the other Latitude, Courſe, and Difference of Longitude. 


Example. If a Ship from the Latitude of 45* 40/ N. ſailed betwixt the 


South and the Eaſt 690 Miles, and then her Departure was computed. 


do 


Chap. II. 
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Sect. 1. Of a Single Courſe. 6 
to. be 308 m, 'The Lat. ſhe arrived into, the Courſe, and Difference of Lon- 


ude ſnhe made, is required. 
— 1. Draw C E parallel to the Meridian B A, at the Di- 


ſtance of the Departure = 308 m. 

2. With the Diſtance failed = 600 m. betwixt the Compaſſes, ſetting Fig. x. 
one foot in B, (the Place the Ship departed from) with the other croſs the 
Parallel CE in C; and from C let fall the Perpendicular CA; then is 
BA the Proper Difference.of Latitude, and the £ B the Courſe. 

Having found the Latitude the Ship is arrived into, 2 may * 
the Meridional Difference of Latitude, which lay from B to 
4 From L draw L D parallel to A C, and continue B C until it inter- 
ſects the ſaid Parallel in D; then is LD the Difference of Longitude. 


1. To find the Courſe, it will be, BC: AC:: R: 8. B; chat is, 


As the Diſtance ſailed 600 2.778151 
It to the Departure 308 2.488551 
Sa is the Radius, : e e 


To the Sine of the Courſe 30 53 970 
Which is S 30% 53” Eu, or SS EA E nearly. 
2. To find the Difference of Latitude, it will be, 
R: s. :: BC: BA; that is, 


As the Radiu. 170. | 
To the Co-Sine of the Courſe 30 53% 9.933596 
So is the Diſtance 600. * 2.7781 FL 


| To the Proper Dif. of Lat. 5 14.9 2 711747 
Which, becauſe the Ship ſailed towards the Babes 
From the Latitude En from 45˙40— 3086.8 


Take the Difference of Lat. : 15. 8* 25 > Merid. Parts. 
The Lat. arrived in ' 37 os 37 05 —2398:9. 
Merid. Diff. of Lat. 687.9 


3. To find the Difference of Longitude, it will be, 
R.: T. B:: BL: LD; that is, 


As the Radius 10. 
To the Tangent of the Courſe 30® 53“ 55 5768 
So is the Merid, Diff. of Latitude 687.9 * $54: 


To the Diff. of Longitude 411.5 (=6* 51'W) 2.6 142 93 


| 
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Or, Becauſe AC is parallel to LD, the Longitude may be other- 
wiſe found. For, BA: BL:: AC: LD; that is, 


As the Proper Difference of Latitude 514.9 5.288253 Ar. Cv, 
To the Meridional Diff. of Lat. 687.9 2.837525 
Fo is rhe Departure 308 21.488551 


—— — 


To the Difference of Longitude 41 1.5 2.614329 


CASE 6. 


One Latitude, the Courſe, and Departure, being given; to find the 
other Latitude, Diſtance ſailed, and Difference of Longitude. 


Examp. If a Ship from the Latitude of 20® 20! N. ſteers away NEZE 


until her Departure be 260 m. I defire to 'know the Latitude ſhe is arrived 


into, her Diftance ſailed, and how much ſhe has altered her Longitude. 
Conſtruftion, 1. Having drawn the Meridian BL; make the < LBD 


= 56" 15" 


2. At the Diſtance of 260 the Departure, draw CE parallel to the Me- 


ridian BL; and from the Point C, where it interſocts the Rhumb-Line, 


let fall the Perpendicular C A: then is B A the Proper Difference of Lati- 
tude, by which you may find the Latitude come to; and conſequently the 
Meridional Diff. of Latitude, which lay from B to L, and draw LD pa- 
rallel to B C; then is LP the Difference of Longitude. 
1. To find the Diſtance by Calculation, it will be, 
| S. B: R: AC: BC that is, 


As the Sine of the Curſe 316 157 9-91 9846 


I to the Radius; 10. 
So is the Departure 260 2.414973 
To the Diſtance 312.7 Miles 2495127 


2. For the Difference of Latitude, it will be, 
R: C. T. B:: CA: BA; that is, 


As the Radius 1 
Is to the Co-Tangent of the Courſe 5615 9.824893 
So is the Departure 260 2.414973 


To the Proper Diff. of Latitude 173.7 2.2 39866 
1 | Which 


> . WW. = >. VE * Ws = C - . 28 *. 
N Cen nn logon anon rag or. in 


Set, 4 Of a Single Courſe: | 


Which bean the Ship failed from the Equator, 
To the Latitude ſailed from 20˙ 20/——1246.4 


60) 
Aud the Difference of Latitude 173.7 = 2* 5 "x M. Parts. 
Sum the Latitude the Ship is in 23 14—1433.8 


Aſerid. Diff. of Latitude 1187.4 
3. To find the Difference of Longitude, it will. be, 
R. TB: : BL : LD; that is, 


"As the Radius © 10. 
To the Tangent of the Courſe 56* 15% 10.175107 
So is the Merit. Diff of Latitude 187.4 2.272770 


= | 
D ebe Diff-of Longjtade 240.4(==4* 49 Eu) 2.447877 


Or, Becauſe the A BAC, BL D are ſimilar, it will be for the Diffe- 
rence of Longirude- BA: 'BL.:: AC: LD; that is, 


As the Proper Difference of Latitude 173.7 7.760134 Arith. G. 
Ito the Meridional Diff. of Latitude 187.4 2.272770 
bo is the Departure 260 2.414973 


To the Difference of Longitude me 2447877 


888 7. 


Both Latitudes, and Difference of * being given; to 
find the direct Connſe, and Diſtance. 


Examp. Let it be required to find: the direct Courſe, and Diſtance be- 
rween. the Lizard in the Latitude of 50% 00” N. and Bermudas in the Lat. 


of 32 30 N. their Difference of Longitude being 38 307; Bermu das lying 
ſo much to the Weſtward of the Lizard. 


Firſt, find the Proper and Meridional Di ference: of Latitude. 
50 007 N.——3 2 
Lati ider Ne 4 +0 N. 3 


32 30 
17 30 18 J Meridional Dif, of Latitude. 
60 
Prop. Diff, Lat. in min. 1050, 
60 


Difference of Longitude in min, 3510 K 
on- 
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Fig. 7. conſtruction. 1. Lay the Meridional Difference of Latitude =1410 from 
B to L; and exect the Perpendicular L-D==3510 the Difference of Longi- 
tude, and draw BD. | 5 : | akin $ ads) 
2. Make B A=1050 the Proper Difference 6f Latitude, and draw AC 
parallel to L D; then is B C the Diſtance, and the Angle B the Courſe. 
| iI. To find © the Courſe; it will be, 
'BL:LD::R : T. B; that is, 


As the Meridional Difference of Latitude 1410 3.149219 
| 4 | —_— - 


To the Difference of Longitude 3510 3.343307 
So is the Radius 10. 


| | To the Tangent the Courſe 68* 07 | | 10 396088 


Which, (becauſe Bermudas is to the Southward of the Lizard, and Dif- 
ference of Longitude Weſterly ;) is $'68% 077 Wu, or WSW a little 


Weſterly. {27.53 60 bh 8 
2. To find the Diſtance, it will be (by Caſe 2") 
C. S. B: R :: BA. BC; that is, = 
As the Co-Sine of the Courſe 689 o 9.571380 
1 1s to the Radius; E 1. = — 
So is the Proper Diff. of Latitude 1050 m. 3.021189 


To the Diſtance 2817 Miles, 3.449809 


Dang 


18 3 een 
CASE 8 | 
„ 940 „ 


One Latitude, the Courſe, and Diſtance ſailed, being given; to find 
the other Latitude, and Difference of Longitude. 


Example. If a Ship from the Latitude of 50? 30'N. ſteers upon a 88 W 
Courſe 150 Leagues; I deſire to know the Latitude ſhe is arrived into, 

and her Difference of Longitude. —- OT OTE, 
_— Conſtruction. 1. By the Courſe and Diſtance form the Triangle B A C, 
5: according to the Directions in Caſe 1. then having found the Proper Diffe- 
rence of Latitude, and conſequently the Latitude arrived into; find the 
Meridional Difference of Latitude, which lay from B to L, and draw 
LD parallel to A C until it meets BC produced; then L D meaſured 

on the Scale of equal Parts will be the Difference of Longitude, 


1. To 


Sect. 17 O a Single Cotrſ = 


1. Jo find the Proper Difference of Latitude by Calculation, it will be 


by Caſe 1. 
As the Radius © 10. 


I to the Co-Sine of the Conrſe 22300 9.965615 
So is the Diſtance 450 Miles 2.653212 


To the Dif. of Latitude 415.8 2.618827 
From the Latitude Jailed from b o* 3o/ 
Take the Diff. of Lat. 415.8= 6 56 
Lat. the Ship is in "a3 - 2909.8: 

| Merid. Diff. Lat. 611.6 


2. To find the Difference of Longitude, it will be, 
R: T. B:: BL: LD; that is, 


3521.40 


As the Radius 10. 
To the Tangent of the Courſe 22 30 9.6 1 7224 
So is the Merid. Diff. of Latitude 611.6 2.786467 


To the Diff. of Long. 253.3 m. ( 13'W”) 2403691 


CASE 9. 


Merid. Parts, 


Both Latitudes, and the Courſe, being given; to find the Di- 


ſtance, and Diff. of Longitude. 


Example. If a Ship from the Latitude of 20* 400 N. ſails NE&E un- 
quired to find 


til ſhe arrives into the Latitude of 27 167 N. and it be re 
the Diſtance ſailed, and Difference of Longitude: 


Having conſtructed the Triangle BA C according to the Directions in 


Caſe 2. find the Meridional Difference of Lat. and lay it from B to L, and 


parallel to AC, draw LD the Difference of Longitude. 


20" 40 ad os] 8 
Lat. 4 27 16 r701.5 Meridional Parts. 
6 36 433-7 Meridional Diff. of Latitude, 
60 


P. Dif. Lat. 396 


Now 
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Now it will be, R: BL:: T. B: LD; that is, 


As the Radius : 10. 
To the Merid. Dif. of Lat. 433.7 2.637189 
So is the Tang. of the Courſe 36 15 10.175 107 


To the Diff. of Long. 649 (o 4 EU)) 2.812296 
2. The Diſtance may be found by Caſe 2. Thus, 
As the Co-Sina of the Caurfe 56* 155 9.744739 


k to the Radius; 10. 
So is the Proper. Diff. of Latitude 396 2.597695 
To the Diſtance 712.8 Miles 2.8 52956 
CASE 10. 


Both Latitudes, and Diſtance ſailed, being given; to find the 
direct Courſe, and the Difference of Longitude, 


Example. Suppoſe a Ship from the Latitude of 32* 30“ N. fails between 
the North and 5 e Eaſt 960 Miles, and then by Obſervation is found to 
be in the Latitude of 44 oo? N. and it be required to find the direct 
Courſe, and Difference of Longitude. 


900. — 82 _ hs 
Lat. oo 7 2 wes Meridional Parts. 


11 30 882 Meridional Diff. of Latitude. 
60 | 
P. Diff. Lat. 690 


Conſtruction. With the Proper Difference of Latitude and Diſtance, 
let the A BA C be conſtructed by Caſe 3. 
'2. Make BL = 882 the Merid. Difference of Latitude, and draw L D- 


parallel to AC until it meet BC produced in D; then is LD the Diff. 


of Longitude, and the Angle B the Courſe, to find which by Calculation, 
it will be by Caſe 3. a 


As the Diſtance 960 © | 2.982271 
To the Diff. of Lat. 690 2.838849 
So is the Radius 10. 


To the Co-Sine of the Courſe 44 3/ (or N E nearly) 98565 78 


ect. I. a Single Courſe. 75 
2. To find the Difference of Longitude, it will be, 
R: T. B:: BL: LD; that is, 


As the Radius 10. XL 
To the Tangent of the Cour ſe 44? 03/ 9.985596 
So is the Merid, _— Latitude 882 2.945468 
O — 


To the Diff. of Long. 85 3.2 (=14® 13! Er) 2.93 1064 


Sit. 


One Latitude, Courſe, and Difference of Longitude, _ given; 
| to find the other Latitude, and Diſtance ſailed. 


Example. If a Ship from the Latitude of 45* 30/S. bears away N NW 
until her Difference of Longitude be 7“ 407; I deſire to know the Lati- 
tude ſhe is arrived into, and her Diſtance ſailed. 

Conſtruction. Having formed the ZA B C=22* 30%, 740 Fig. 11; 
draw DE parallel to the Meridian BA at the Di- 60 
ſtance of 460 the Diff. of Longitude, and from the : 
Point of Interſection D, let fall the Perpendicular 460 m. Diff. Long. 
DL; then will BL be the Meridional Difference of Latitude. 


To find which by Calculation, it will be, 
T. B: R:: DL: BL; that is, 


As the Tangent of the Courſe 220 0 9.617224 
Is to the Radius | Io. 

So is the Diff. of Longitude 460 2.662758 
To the Merid. Diff. of Latitude 1110 3.045 5 34 


Becauſe the Ship ſailed from a South Latitude Northerly, 


From the Meridional Parts of the Latitude ſailed from 45 30 3072.5 
Take the Meridional Difference of Latitude 1110 


; — — 
Remains the Merid. Parts of the Latitude came into 31 0 1962.5 


Whence, to find the Proper Difference of Latitude, 


From the Latitude ſailed from 45? 307 

| Take the Latitude ſailed into 31 04 

Remains the Diff. of Latitude 14 26 
60 


Prop. Diff. of Latitude in min. $66 ; 7 
L 3 Con- 
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Conſtruftion. 

culation, it will be, F 2 
As the Co-Sine of the Courſe 22 30 


1s to the Radius; 10. 
So is the Proper Diff. of Latitude 866 2.937518 


To the Diſtance 938.4 Miles ; 2.971903 


PRO. Ih 
Of theſe three, viz, the Latitude, the Difference of Longitude, 


and the Meridional Diſtance, any two: being given; to-find the 


other. 


CASR 13. 


The. Difference of Longitude between two Places, both lying 


under the ſame Parallel of Latitude, being given; to find 


their Meridional Diſtance, (or the Length of the Parallel in- 


tercepted between them.) 


Example. Let it be required to find the Meridional Diſtance betwixt 


the Lizard and the and of Penguin on the Coaſt of Newfoundland, both 
lying in the Latitude of 50% oo/ N. and their Difference of Longitude 
48⁰ = ; the Hand of Penguin lying ſa much to the Weſtward of the 
Lizard. | 
48* 30! Conſtruction. 1. Make A Q=2910 the Diffe- 
60 rence of Longitude. 

| — 2. With the. Sine of 90* oo/ ( Rad.) upon 
2910 m. Diff. of Long. AQ deſcribe the Iſoſceles A EP Q then will 
P repreſent the Pole of the World, EQ an Arch of the Equator, P 2 


the Meridian of the Lizard, and PE the Meridian of Penguin Iſand. 


3. With the Co-Sine of the Lat. 50 oo', ſetting one foot of the Com- 
paſſes in P, with the other deſcribe the Arch CL, and join the right 
Line CL; then will L repreſent the Place of the Lizard, and C that of 
Penguin Iſiand; and the right Line CL the Diſtance between them; to 
find which by Calculation, it will be, 2 

PAE: PC:: EQ: CL; that is, 
As the Radius 10. 


To the Co- Sine of the Latitude 50 O 
So is the Difference of Longitude = 2910 


To the Merid. Diſtance required =1870.5 m. 3.271960 


Chap, II. 


2. Set off 866 from B to A, and draw A C parallel to 
LD; then will B C be the direct Diſtance ſailed; to find which by Cal- 


* 3 - » 6 1 
bu . - _ 
P * 
* . * 


2 * F\ 
we ts : 2 


2 é ͤ a 


* 
5 


. 
— 1 n 1 


Set: I. O a Single Courſe. 


The Number of Miles anſwering to a Degree of Longitude in any 
Parallel, may be found by this Caſe, and thence. a Table may be formed 


for reducing the Minutes of Longitude in any Parallel of Lat. into Geo- 
graphical Miles; & contrd. For it will be, | 
As the Radius, | 
To the Co-Sine of the Latitude of any Parallel ; Ze 
So is 60 Miles, (the Length of a Deg. of Longitude upon the Equator) 
To the Number of Miles anſwering to a Deg. of Long, in the ſaid Parallel. 


After this Manner the following Table was calculated. 


— 


A TABLE ſbewing how m 


any Miles anſwer to a Degree of | I 


*| Miles. 


59-99 
59-96 
159-92 
59.86 


159-77 


— — 
JD 
has 


W ww fas w bo - |S 


59.56 
59-42 
59.28 
1059.08 


12 [58.68 


13 58.46 
14 58.22 


59.67 


Longitude, at every Degree of Latitude. 


? 


1 


11 58.89 


15 [57.95 30 


Lat. 
D. 


29 


Miles,] Eat. 
57.6731 
57.371132 
57.06 33 
560.73] 34 
56.38] 35 
56.01] 36 


55-634 37 
55-23 
5481139 
1438140 
53.9344 
53.46 
5 2.97 
53-47] 44 


Miles. 


51.43 
50.88 


50.32 
49.74 


42.18 
48.541 


47.92 


47.28 
46.62 


45.28 
44-59 
43.88 
43-16 


51.96 


Lat. 
D: 


45-95-55 


42-43 #60 


Miles. 


41.68 
40.92 
40.15 
39.36 
38.57 
37-76 
36.94 


36.11 


35. 26 


33-55 
32.68 
31.79 
30.90 


30.00 


34-41 


Lat. 
D. 


Mites. | 


42 9.091 


28.17 
27.24] 


.26.30 
25-36 


24.41 
2345 
22.48 
21.50 
20.52. 


19.54 


18.5 5 
17.54 
16.5 3 


15.5 2 


By this Table the Number of Miles anſwering to a Degree of Longi- 


tude, in any Parallel of an even Degree of Latitude, may be found 5 


Inſpection; thus, in the Latitude of 50 Degrees, 38.57 Geographical Miles. 
make a Degree of Longitude : whence the Number of Miles anſwering to 


any Difference of Longitude may be eaſily found; for it will be, 


As 60 Miles, To the Miles anſwering to 1 Deg. of Long. in the Lat. prepoſed ;-, 


S is the Difference of Longitude, 


® - 
F-- 


0 the Meridional Diſtance. 


Thus, 


L 
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Thus, in the Example above, it will be, 
60 : 38.57 :: 2910 : 1870 the Diſtance required. 


If it be required to find the Number of Miles anſwering to a Degree 
of Longitude, in any Parallel of Latitude not inſerted in the Table ; ir 
will be, As 60 Miles, To the Difference berwixt the. next. greater and leſſer 
Tabular Latitude; So is the Exceſs of the Latitude propoſed, above the next leſs 
Tabular Latitude, ts a proportional Part : which ſubſtracted from the Miles 
anſwering to the next leſs Tabular Latitude, will give the Miles anſwering 


. to a Degree of Longitude, in the Latitude propoſed. Thus, if it were re- 


-quired to find the Miles anſwering to a Degree of Longitude, in the 
Lat.-20* 24/, it will be, As 60 Miles, To .37 the Tabular Difference between 
the Miles anſwering to 20 and 21; So is 24/ the Exceſs of the Lat. given above 
200. 14: which therefore ſubſtracted from 56.38 (the Miles anſwering to 


1 Deg. in the Lat. of 20% leaves 56.24 the Number of Miles anſwering 


to 1 Deg. in the Lat. of 20˙ 24/. 
Note, There is generally placed upon the Plain Scale, a Line marked 


ML; the Uſe whereof is the ſame with the foregoing Table, viz. to find 


the Length of a Degree of Longitude in any Parallel of Latitude, which 
is thus obtained: Extend the Compaſſes upon the Line of Chords (adjoining 
to the ſaid Line ML) from the beginning to the Latitude propoſed ; the 


ſame Extent will reach from 60 upon the Line ML, to the Length of a 
Degree of Longitude in that Parallel. Thus, in the Latitude of 50% a 
Degree of. Longitude will be found to conſiſt of 38.57 Geographical 
Miles; and in the Latitude of 60 Degrees, 30 Miles is equal to a Degree 


of Longirude, &c. as in the aforegoing Table: then if it were required 


to find the Meridional' Diſtance anſwering to a given Arch in any Parallel 
of Latitude; as for inſtance, in the aforegoing Example, where the Lati- 


tude was 50 Deg. and the Difference of Longitude 2910/; to find the 


Meridional Diſtance, it will be, as before in the Uſe of the Table; 


60: 38.57 :: 2910 : 1870; the Meridional Diſtance required. 
CASE 13. 


The Diſtance ſailed in any Parallel, bein given; to find the 
4 Difference of 3 1 


Examp. If a Ship in the Lat. of 50 Deg. ſails directly Eaſt or Weſt in 
that Parallel 1870.5 Miles, and it be required to find how much ſhe has 
altered her Longitude. 

Conſtruction. Upon C L=1870.5 Miles, with the Sine of 40 Degrees 
(equal to the Co- Sine of the given Latitude) make the Iſoſceles A CPL, 
and produce the Sides PC, PL to A and Q, until each be equal to the 


Radius, or Sine of go Deg. and draw the right Line EQ, which will 
be 


Sect, 1. Of a Single Courſe. 
be equal to the Difference of Longitude ; to find which by Calculation, it 
will be, 


PC: PE: CL. EQ; that is, 


As the Co-Sine of the Latitude 50 oof 9. .808067 

Is to the Radius; _— 
Ss is the Meridional Om; 5 3-271960 
60 — — 


To the Dif. of Longitude 2910 (=48* 300 3.46 3893 


By the Table or the Plain Scale + x. Find the Length of a Degree of 
Longitude in the Latitude of 30 Deg. (by the laſt Caſe) then it will be, 


38.57 : 60 :: 1870 : 2910; the Diff. of Longitude required. 


The * are all the Caſes that properly relate to a fingle Courſe; 
but for the ſake of the Learner, who would willingly be able to ſolve all 
the Varieties of this kind, the two following Caſes are added. 


I. The Diſtance ſailed in any Parallel of Latitude, and the 
Difference 0 1 itude Correſponding thereto, being given; 
to find the 1nd of the ſaid' Parallel. 


Examp. If a Ship in ſailing 1870.5 Miles due Weſt; alters her Lon- 
gitude 2910” (or 48? 30/0 and it be required to find the Latitude ſhe is 
in. 

Conſtruction. 1. Upon A Q=2910 (the Diff. of Longitude) with the Fig. 13. 
Sine of go Deg. deſeribe the Iſoſceles G ZPQ , and let fall the 1 PA. 

2. Lay half the Diſtance ſailed from A to B, and draw B L parallel 
to AP; the Point L where it interſects the Meridian, is the Place of 
the Ship, and QL the Latitude of the Parallel required ; to find which. 
by Calculation, it will be, 


EQ: CL:: PQ: PL; that is, 


As the Difference of Longitude 2910 3.463893 
To the Meridioual Diſtance * 5 3.2 71960 
So is the Radius, 10. 
To the Co- Sine of the Latitude 50 00/ 9 808067 


By the Table or the Plain Scale, firſt ſay, 2910“: 1870.5“: : 
39.57; then look in the Table for 60.57, and right againſt it * 
find 50 Degrees the Latitude required. Or, by the Plain Scale, ex- 
tend the Compaſſes upon the Line MI. from 60 to 38.57, the ſame 

1 Extent 
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Extent will reach upon the Line of Chords, from the beginning to 50 Deg, 
the Latitude required. 


Il. Having the Diſtance between two Meridians in any given 
Parallel of Latitude; to find their Diſtance in any other 
TR. oh 


Examp. 1. Suppoſe two Ships from the Latitude of 60® o/ N. diſtant 
aſunder 800 Miles, ſail due South 1200 Miles, or till they arrived into 
the Latitude of 40* o N. and it be required to find how far they are 
a ſunder. 3 

Conſtruftion. 1. Make CL=800 Miles, (the Meridional Diſtance given,) 
and with the Sine of 30“ oo/ (the Co- Sine of the Lat. ſailed from) make the 
Iſoſceles A C PL. 

2. Produce PC and PL to A and B, until each becomes equal to 
the Co-S:ne of 402 oo, (the Latitude arrived into) then A and B will be the 
Places of the two Ships, and the right Line AB their Diſtance ; to find 
which by Calculation, it will be, 


PC: PA:: CL: AB; that is, 


_ As the Co-Sine of the Lat. ſailed from 60 oo 6.301030 Arith. Co. 
To the Co-Sine of the Lat. arrived into 40%00 9.88 42 54 
So is the Meridional Diſtance given 8o0 m. 2.903090 


To the Merid. Diſtance required 1225 m. 3.088 374 


By the Table or the Plain Scale. 1. By the Directions given in Caſe 12. 
find the Number of Miles anſwering to a Degree of Longitude in both 
Latitudes, viz. 30 and 45.95; then it will be, 


30: 45:95 :: 800 :-1225 ; the Diſtance required. 


Examp. 2. Suppoſe two Ships from the Latitude of 26* 40“ South, 
uiſtant aſunder 1878 Miles, fail due North 45 60 Miles, or till they arrived 
into the Latitude of 49 200 N. and it be required to find their Diſtance 


from each other. 


Conſtruction. 1. Upon A B=1878 (the Meridional Diftance given) with 
the Co-Sine of 26? 40/ make the Iſoſceles A ABS, and produce SB, SA 
to A and Q unril.each be equal to the Radius or Sine of 90? oy. 

2. Upon AQ, with the Sine of 90 oo, make the Iſoſceles Q EP Q; 
and with the Co-Sine of 497 20% (the Lat. arrived into) from P-deſcribe 
the Arch CL; then AQ repreſents the Equator; S the South Pole; 
and P the North Pole; AB the South Parallel wherein the Ships were at 


firſt; and C and L their Places in the North Parallel which they ar- 
rived into. 


N. B. 
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Latitudes. 


Set, 1 O a Single:Conrſe. - 


N. B. The Merid. Diſtance CL might have been found by making 
the Iſoſceles A aP b=A SB, and deſcribing the Arch CL, as above; but 
then the Figure would not repreſent the true Places of the Ships in both 


To find CL by Calculation, it will be, 
SA(=Pg):PC:: AB (Sa): CL; that is, 


As the Co-Sine of the Lat. ſailed from 26 g 5.048841 Arith, Co. 
1s to the - Sine of the Lat. ſailed into 49 20 9.814019 


So is the Diſtance firſt giveu 1878 | 3.273696 
To the Diſtance required 1369 Miles 3.1 365 56 


If the Diſtance between two Meridians in two different Parallels, and 
the Latitude of one of thoſe Parallels be given, it will be eaſy to find 
the Latitude of the other Parallel; for it will be, 


As the Diſtance in the Given Latitude, To the Co-Sine of that Latitude; 
So is the other Given Diſtance, To the Co-Sine of the Latitude required. 


The Proportions aforegoing may be all wrought by Gunter's Scale, and 
the Sliding Rule, by the Directions given in Chap. I. Sect. 3. of the Introduction; 
which Directions are ſo plain and eaſy, that I thought it needleſs to re- 
peat them here. 

Note, There is uſually placed upon Gunter's Scale a Meridian Line, 
whereby the Meridional Difference of Latitude may be found to a ſuffi- 
cient Exactneſs for working a Proportion upon that Inftrument : Thus in 
Caſe 4. where the Latitudes were 45 = I, To find the Meridional 
Difference of Latitude, extend the Compaſſes upon the Meridian Line from 
46 20' to 50 oO, the ſame Extent applied to the Line of Equal Parts 
(adjoining to the ſaid Merid. Line) will reach 5* 307; which multiplied by 
60 gives 330 the Meridional Difference of Latitude required. 

There is alſo commonly placed upon Gunter's Scale two Lines marked 
SR and TR, which are Artificial Sines, and Tangents to every ; Point of 
the Compaſs ; the Numbers 1, 2, 3, c. ſignifying the Number of Points 
from the Meridian. Theſe Lines are uſed after the fame manner with 
the Artificial Sines and Tangents to Degrees and Parts, and therefore need 
no Explication here. | 3 

I ſhall next ſhew how the ſeveral Caſes under Prob. II. may be ſolved 
by the Table of Artificial Tangents, without the help of the Meridional 
Parts. 

It is evident, that the Nautical Meridian Line is a Scale of the Longi- 
tudes anſwering to each Minute of Latitude on the Rhumb-Line, making 


an £ of 45 Degrees with the Meridian: And it has been demonſtrated 
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in the Phil Tranſ. Ne. — by the celebrated Dr. Halley, thæt the Meridian 
Line is a Scale of the Logarithmick Tungemts of the half Complements of the 
Latitudes. Wherefore, | 1 BARN enn 

1. Becauſe that in every Point of any Rhumb-Line, the Diference of 
Latitude is to the Departure, as the Radius to th Tangent of the L that Rhumb 
makes with the Meridian; and the Difference of Latitude is every where to thoſe 
equal Departures, as the Meridional Differente of Lativ4d+ to 'the Difference of 
Longitude; it follows, that the Differences of Longitude are upon any 
Rhumb, Logarithms of the ſame Tangents, but of a differing Species; 
being proportioned to each other, as are the Tangents of the Z macde with 
the Meridian. 5 n 

2. Hence, any Scale of Logarithdi-Tangents, (of what Form foever) is 
a Table of the Differences of Longitude, to the ſeveral Latitudes upon 
ſome determinate Rhumb or other: And the Rhumb which makes an 
L of 51 38/ 09% with the Meridian, has been determined to be that upon 
which the Logarithm-Tangents of Mr. Briggs's Form, (which are thoſe 
now commonly uſed) are the true Differences of Longitudes. Hence, 

3. The Difference of the Logarithm-T atigerits, or 'Co-Tapetirs F half the 
Complements of the Latitudes of any two Places, Ts to the Difference of Longitude 
a Ship makes in ſailing on any Rhumb from one of thoſe Latitudes to she other; 
As the Logarithm-Tangent 5 1 38 og” (viz. to. roi 5 10,) To the Tangent of 
the L of the aforeſaid Rhumb with the Meridian. Wherefore in, 


CASE 4. 


Where the Latitude ſailed from was 50 oo/ N. the Depart ure 
160 n. and the Latitude arrived into 46* 2 N. to find the 
Difference of Longitude. 5 


1. By the Difference of Latitude and Departure find the Courſe, by the 
Directions before given in this Cafe: Then, | 
F50® Xs "IV! 2 % e FS 202 007 
Lat. $7 = a Complements 4. wh Comp. 2 30 


From the Log. Tang. of = Comp. of the leſſer Lat. =21* 5 9.602761 
Take the Log. Tang. of 7 Comp. of the greater Lat. =20 oo 9.561066 


Remainder 4 16.95 


Or, 5 
From the Co- Tangent of 20 00/ 10.438934 
Take the Co-Taugent of 21 50 10.397239 
: Remainder 416.95 


eq i) ÞJ1 Of Þ Sivgle Conrſe 
And it will be, 


Te the Tangent of the Courſe 3601“ 9.861697 
. he Kaden sss eee; 


N 


— 0 n | e is « p 
N e 0 \\ AL 3 A VP .Y * AC © \ nase IJ I 
To the Difference of Longitude 240 min. 2.380219 


Note, That Figure of the Remainder which ſtands under the 4th Place 


in the Logarithm from the lefe-hand, is to be eſteemed an Unit, and the 
zeſt towards the right-hand Neciua lf. | 


| Gag 5. 
pere the Latitude ſailed from was 45* 40, N. the Diſtance 
ran 6oo Miles between the South aud the Eaft, and the De- 


parture 308 m. to find the Difference of Longitude. 


1. Having found the Courſe 30% 53% and the Lat. arrived into 37% 05/ N. 


by the DireAions befgre given in this Caſe : Then, 


— : J 40 N =, J 20071 22 10 

Kar. J # os N Comp. 72 55 1 Comp. * 26 277 
From the Log. Tangent of 26® 27< 9.696944 
Take the Log, Tangent of 22 10 | 2.610036 


Or, : ny 
From the Log. Co-Tangent of 22 10 10.389964 
Take the Log. Co- Tangent of 26 277 10. 303056 
| Rem, 869.08 
And jt will be, 
As the * of 5 1 3809 | 5.898490 4Arith, Co. 
To the Tangent of the Courſe 30 53. 9.776768 
$0 is the Remainder 869 2.939020 


To the Difference of Longitude 411.4 vn. 2.614278 
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CASE 6. 


Where the Latitude ſailed from was. 209 20/ N. the Courſe 


NEbE, and the Departure 260 m. to find the Difference of 


Longitude. 


1. By the Courſe, and Departure, find the | Latitude arrived into, UL. 
23* 14/ N. (by the Directions before given in this Caſe ;) then the Di- 


ſtance (if required) may be eaſily found. 


200 200 69% 40 7 34 50 
Lat. 1 14 J comp $62 46 $* Comp. L 33 23 


- 


From the Log. Tang. of + Comp. of the leſſer Latitude 34* 100 MIO * 


Take the Log, Tang. of Comp. of the. greater Lat. 33 23 9.818860 
5 2365 

Or, „ * 1 
From the Log. Co-Tang. of r Comp. of the greater Lat. 33 23/ 10.181140 


236.75 
And it will be, 
As the Tangent of | 5138/97 5.898490 Aritbh. C.. 
Is to the Tangent of the Courſe 5615 10.175107 
So is the Remainder 236.75 2.374289 
To the Difference of Longitude 280.4 m. 2.447886 
CASE 7. 


Where the Latitude ſailed from was 50* 00! N. the Lat. bound 


to 32% 301 N. and the Difference of Longitude 58* !10 = 3510 


min. to find the Courſe, and Diſtance. 
"50% oN. (40 oo [ 5 14 oo 
Lat. 1% 0 Comp. 57 30 4 Comp. 28. 45 


From the Log. Tang. of + Comp. of the leſſer Lat. 2845“ 9.739271 
Take the L'g. Tang. of 7 Comp, of the greater Lat. 20 00 9.561066 


1782.05 


Or, 


3 


Sect. I. O a Single Comrſe. . 


Or, | 
From the Co-Tang. of 20* O0 10.43 8934 
Take the Co-Tang, of 28 45 10.260729 
dn ks 178205 
Then, 
As the Remainder 1782 3.25 0908 
JI to the Tangent of 51* 380 4 ; | 10.1015 10 
So is the Difference Longitude 35 10 3.545307 
To the Tangent of the Coutſe 68? 07 10. 395 909 


Or, 8 68˙ 0 Wu, as before: whence the Diſtance may be eaſily found 
(if required.) | 7 


— CAsE s. 
Where the Latitude departed from was. 50% 30 N. the Courſe 


SSW, and the Diſtance 450 Miles; to find the other Lati- 


tude and the Difference of Longitude. 


1. Having (by the former Directions) found the Latitude the Ship is 


in, viz. 43 34 N. 


50? 3o' 17 $19 35 x . 
Lat. 12 24 N. Comp. 46. 265 * Comp. 23 13 


From the Log. Tangent of 23* 13 9.63240 
Take the Log: Tangent of 19 45 9.555 138 | ; 
Rem. 772.63 
Or, 
From the Lug. Co-Tangent of 19 45 10.444861 
Take the Log. Co-Tangent of 23 13 19.367598 


| Rem. 772.63. 
And it will be, for the Difference of Longitude, 


As the Tags of 51* 38% og! 9.898490 Arith. Co. 
To the Tangent of the Courſe 220 300 9.617224 
So is the Remainder 772.6 2.887955 


To the Diff. of Long. 253.3 m. (S 13 WU) 2.403 669 
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9. 


Where the Latitude ſailed from was 20˙ 40 N. the Lat: tude 


failed into 27 10 N. and the 
Difference of Longitude. 


20 40 69” 20 
* 11 16 oN 4 
From the Tangent of 34 40 
Take the Tangent of 31 22 


Or, 
From the Co-Tangent of 31 22 
Take the Co-Tangent of 34 40 


Courſe NEbE; to find the 


10.214952 
10.160162 


547-99 


For the Difference of Longirude, it will be, 


As the Tangent of 51* 387 og” 3.898490 drith, CG. 
Is to the Tangent of the Courſe 56* 157 40.175107 

So is the Remainder 547-9 2. 738701 
To the Difference of Longitude 649 m. 2.812298 


CASE 10. 


Where the Latitude ſailed from was 32* 30, N. the Latitude 
arrived into 44* O N. and the Diſtance ſailed 690 Miles, 


between the North and the Eaſt ; to find the Diff. of Longitude. 


1. Having found the Courſe 44* 03/ by the Directions already given; then, 


Lat. 1 2 N JA R + Gmp, $29" 85 


From the Log. Tangent 280 45, 
Take the Log. Tangent of 230 OO 


Or, 


From the Co-Taugent of 230 47 
Take the Co-Tangent of 2845 


9.739271 
9.62785 2 


ka... Ala. wa — 


1114.19 


10.372148 
10.260729 


1114.19 


Sect. 1. Of a Singlt Corſe. 


As the Tangent of 51* 38/ og 5.898490 
To the Tangent of the Courſe 44 03! 9.985596 
So is the Remainder 1114-2 3.046963 


To the Diff. of Long. 853.2 (=14* 13* EY) 2.931049 
CASE IL, 
I/here the Diff. of Longitude was given 7* 40/=460 Min. the 


Latitude ſailed from 4530! South, and the Courſe N NW; to 
find the Latitude the Ship 3s iu. 


It will be, 
As the Tangent of the Cunſe 22% 307 6.382776 
I tothe Tangent of 51* 38' og 10. 1015 10 
So is the Difference of Longitude 460 2:662758 
Jo the Number 1403 3.147044 
Which Number | 1403 
Added to the Log. Tang. of 22* 15. (L Comp. of the given Lat.) 9.611841 
Gives a Tangent correſponding to 29 28/ 9.752141 
Or, 
From the Co-Tang ent of 22 15 10.388159 
Take the Number before found 1403 
Remains the Co-Tangent of the ſame Number 290287 10.44785 9 


Which being doubled, and ſubſtracted from 90 oo, leaves the Latitude 
the Ship is in 3104 ; which being obtained, the Diſtance may be eaſily. 
had. 

N. B. If the Ship had ſailed from the Equator, the Number before 
ſubſtracted from 


found muſt have been 34 1 e the Co- Tang. of 1 Comp. 


of the given Lat. and the 45 4. would have given the LANE" 7 of 


Co-Tang. 
half the Complement of the Latitude required. 

N. B. Both the Complements of the Latitudes are to be eſtimated 
from the ſame Pole of the World; it is not material from whether: 
therefore if one Latitude be North, and the other South, you muſt add 90 
Degrees to the one, and ſubſtract the other from 90, and then take their 
halves, and proceed as before. Fe 

oe, 
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Note, The ſmall Difference betwixt the Logarithms of the Numbers 
found by the laſt Method, and the Logarithms of the ſame Numbers found 
before, is owing either to the Courſe or the Latitude, &c. before found, 
not being expreſſed to ſmaller Parts than Minutes; (which in Navigation 
would be ſuperfluous) for both theſe Methods are equally true. 


N. B. If a Line of the ſame Length with the Line of Artificial Tangents 
upon the Scale, be divided into 1000 equal Parts; the Remainder in the 
aforegoing Solutions might be found by extending the Compaſſes to + 


Complement of the Latitudes, and applying that Extent to the ſaid Scale 
of equal Parts: and thence the Proportions worked as before directed, ei- 


ther by the Sliding Rule or Gunter's Scale. | 
N. B. If the Remainder found in the foregoing Examples be divided by 


this Number 1.2633, the Quotient will be the Meridional Difference of 


Latitude. Alſo the Log. Co-Tangent (neglecting the Index) of + Comple- 
ment of any given Latitude, divided by the ſaid Number 1.2633, gives 
the Meridional Parts anſwering to the .given Latitude. 

In like manner, the Difference betwixt the Sum of the Tangents, or Co- 
Tangents of + the Complements of two Latitudes on different Sides of the 
Equator, and twice the Radius, divided by the aforeſaid Number 1.2633, 
will give the Meridional Parts between the ſaid Latitudes. 

I ſhould have here proceeded to give Examples under each of the 
aforegoing Caſes, but as the Tables of Meridional Parts now uſed are 
popes exact for all Purpoſes in Navigation, I judged it to be a 
matter of no great Conſequence to the Mariner. 


5 93 8 5 \ 
T_T * 8 "» Weld EY % , wy $4 _ * 
a , | 66 
p =P — - —_— : > . 
— 


Sect. I. Of a Single Courſe. 
4 TABLE * of Proportions for the Solution 0 * the ſeveral ( Ca uſes, 
relating to a Single Courſe. 
Fig. B. P 


1 


6 


II 


'qorq. 


| 


— — 


BA 
LD 


B 
LD 


B 
LD 


BA 
BC 


CL 


* 


AB 


ö 


pC. 


Proportions. D. 2 

BL: LD::R:TB;.c|-js 
EF: LD ::T6:'T:8. 7 
GIS: K :: DBA; BC 
'R:CSB::BC: BA Ws 
R: T.B :: BL: LD; 08 
eee. . 
S. B: R:: BA: BC. 

R: T. B :: BL: LD, of, 
:. r.: Kr: . II 
e:: 5. 3+ 

R 1: L: LD; octfic 
Gr:: XT :[LD: 

T.B: R :: LD: LB; of 
T3: TI £ : 1 . 11 
IC.S.B: R :: BA: BC. 

PA: Q:: PC: CL. fre 
PC:PEA:: CL: AQ. |:; 
EQ: CL:: PA: PC. 
b C RA.: : L: AD. 


Note-: 3 


| known, the other is known. 


ne 


— 


— cd — — 


| Giv. Reqd. 2 Proportions = 
IBCIB AI R:CS.B::BC: BA. 
B I ACE R:S.B;:BC: AC 
BAIRCICSB:R::BA:BC 
B AC R: T. B:: BA: AC 
rn: eee. 
[BcfAC R: S. B.:: BC; AG. 
| BA] B IBA: AC:: R : T. B. 
IJACIBCICSB:R::BA:BC. 
| ID] R:T.B:: BL: LD; or 
| BA: BL: Ae: LD; of 
TG:TB::XxXT:; LD. 
5 nen e: KR . 
AC BAL R;CSB:;; BC: BA. 
SLDI R:TB;: RL: LD; or 
BA: BL:: AC: LD; or 
T&: Ta:i:aT: LD 
| B [ac|s.B:R::AC: BC 
Ac B AR: C. T. B:: AC: BA. 
N LDI N T. 3:: 8L: LD; of 
4 B ABL :: AC: LD; or 
3 T. G. T.B::XT: LD. 
Note, The eleven firſt Caſes are referr'd to Fig. A 


TG ſugnifies the Tangent of 519 38/ oof 
XT the — of the Tangents or n. of 2 Complements of the Latitudes. 


— 


— 


N 


— 


„and the reſt to Fig. 
Note, In Prob. II. one Latitude is underſtood to be at leaſt given; and when BA or BL 


B. 
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T. 
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T. . 
The Uſe of the true Sea. Chart, commonly called Mercator's. | 


HE Nature of this Projection, and alſo how to conſtruct a Chart 

of any given Latitude and Longitude, has been already ſhewed in 

Chap. I. Set. 3. and for the Reaſons there given, this Projection is abſo- 

lutely the beſt that can. be- thought of for a Sea-Chart, ſo long as Mariners 

uſe the Compaſs: I ſhall therefore be very particular touching its Uſe, and 

allo ſhew- how- all the Cafes in Navigation may be eafily and ſheedily 

wrought thereon; hoping thereby to remove the Prejudice which ſome 

I r againſt it, for want of having its Uſe ſufficiently ex- 
Plained. 6 


PROB. I. 


To find the Latitude and Longitude of any Place, and alfo the 
Bearing and Diſtance of any two Places, wirhin the Limits of 
the Chart. | | 


CASE 1. 
To find the Latitude. 


Plate 7. Let the Place whoſe Latitude is required, be the Point F: Take: with 
the Compaſles the neareſt Diſtance between the given Place F, and ſome 
Parallel of Latitude, as (here) the Parallel of 35*; then ſetting one foot 
of the Compaſſes at the end of the ſaid Parallel, as at a, apply that Ex- 
tent to the graduated” Meridian, (the ſame way that the given Place lies 
from the ſaid Parallel) and the other Foot will fall upon 36% the Lati- 
tude required. 

Or, Lay a Thread or the Edge of a Ruler over the given Place, ſo that 
it may cut the ſame Number of Degrees in both the graduated Meridian, 
(on ech Side of the Chart) and the ſaid Number of Degrees, &c. will be 
the Latitude required. 

Or, If you have a Parallel Ruler of a convenient Length, lay the Edge 
thereof along the next Parallel to the given Place; then open the Ruler un- 
til the Edge of it touches the ſaid Place, and where the ſaid Edge cuts 
the graduated Meridian, is the Latitude required. 


1 ; CAS 


Set 2: The Uſe of the Nawtical Chart. _ 


CASE 2. 


To find the Longitude of any Place from ſome known Meridian 
| in the Chart. 


Let the given Place be F, as before : Take with the Compaſſes the 
neareſt Diſtance from the Point F to ſome Meridian ; then ſetting one 
Foot of the Compaſles in the beginning of one of the graduated Parallels, 
the other will fall upon the Number of Degrees, c. contained between 
the aforeſaid Meridian and the given Place; which if the given Place lies 
to the J Paßt T hand from the ſaid Meridian, the Difference of Longi- 


EIT 


. rude is e 7 Or, if you apply a Thread ſo over the given Place 


to the graduated Parallels, as above directed to the graduated Meri- 
dians ; you'll have the Difference of Longitude between the given Point, 
and the firſt Meridian in the Chart; which in this Examp. is 24* Weſterly, 
By the Converſe of the two foregoing Caſes, having the Latitude, and 
alſo the Longitude from ſome known Meridian, of any Place given; the 
Point where it lies in the Chart may be readily found, | 


CASE 3. 
Yo find the mutual Bearings of any two Places in the Chart, 


For this Purpoſe, it is cuſtomary to draw Rhumb-Lines for every Point Tat the 
of the Compaſs, from ſeveral Places in the Chart; But this Cuſtom is cer- Cuſtom of 
tainly very abſurd, for theſe Rhumbs do very much deface and obſcure 4awing 
the Chart, ſo that the Places laid thereon are nor ſo readily diſcerned as 7% 
otherwiſe they would; beſides, theſe Rhumbs are but of very little (I — voy 
might ſay of no manner of) uſe, for it is evident, except the Places whoſe at{urd. 
Bearings are required he exactly under ſome one or other of them, (which 

is a great chance when it ſo happens) their exact Bearings cannot be found: 

but the uſual Method is, to take with a Pair of Compaſſes the Diftance 
betwixt one of the Places, and the Rhumb which lies neareſt parallel to 

the two Places; then you are to carry one foot along that Rhumb, and 

as near as you can gueſs, the other perpendicular to it, until ic is brought 

near the other Place, and fo gueſs how much the Bearing of the two 

Places is wide of the Rhumb whereon you carried the Compaſſes. This 

being but gueſs-work at the beſt, (though in ſome Caſes it may indiffe- 

rently ſerve) I ſhall ſkew another Method whereby the Bearings of any 


N 2 two 
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two Places, may be readily and exactly found, without the Perplexity and 
Confuſion of Rhumb-Lines. 

Let there be made a Protractor of about 4 or 5 Inches diameter, gra- 
duated and numbered like the Specimen, Plate 6. Fig. 1. and right over the 
Center A let there be faſtened a ſmall cylindrical Pin; then having a fine 
Thread, make a Imall Nooſe at the end of it, which place about the ſaid 
Pin. | 

The Inſtrument being thus prepared, when you would know the Bear- 
ings of ſome two Places in the Chart, which for example, let be F and 
G; apply the Center of the Inſtrument to one of them, as F, ſo that the 
North and South Points thereof may lie exactly in the Meridian, (which you 
may eafily do by turning it about until the neareſt Meridian to the given 
Point CE.) cuts the ſame Number of Degrees on the ſame Side of the North 
and South Points of the Inſtrument,) then extend the Thread over. the 
Point G, and it will ſhew in the Limb the Bearings of the two Places to 
be NEN and SWS. | 1 

In like manner you may read ly find the Bearings of any two Places to 
the greateſt Exactneſs, remembring, (what I need not have mentioned) 
_ the North Point of the Inſtrument be to the North Part of the Meri- 

e | | 

For want of ſuch an Inftrument made in Braſs, with a Pin fixed over 
the Center, as above deſcribed ; there ought to be one at leaſt printed 
upon Vellom or Paſt-board, 8c. to be had along with the Charts ; by which 
the Bearings of Places might be much readier and exacter found, than by 
the Rhumb Lines: Thus, hold a ſmall Pin or a Needle having a Thread 
abour it, perpendicularly over one of the given Places, then having applied 
the Center cloſe to this Pin, turn the Protractor about until it lies in its 
due Poſition, (as above directed) the Thread extended. over the other Place, 
will ſhew in the Limb the Courſe required. 

If it be required to find the Courſe between any two Places, according 
to the Compaſs, the Variation being known; having fixed the Protractor 
as above directed, make a prick at the North Point thereof, then if the 
Variation be : — y F urn the Inſtrument about towards the > it; 
hand, until you bring the quantity of the Variation to the ſaid Point ; 
then the Thread being extended to the other Place, gives the Courſe re- 
quired. For Examp. Let the two Places be F and G, (as before) and 
jet the mean Variation in that Sea betwixt them be 1 Point or 11 157 
Weſterly : having placed the Inſtrument at F, and made a prick at the 
Nor th Point thereof, (according to the Directions above) turn it about 
Weſtward (or to the lefr-hand) until you bring NE or 11%; Eaſterly 
to the ſaza prick ; then the Thread being extended to G, will ſhew in the 
Limb that tne Courſe from F to G, according to the Compaſs, is N E. | 

By this Iaſtrument any Angle may be laid down and meaſured much 
readier than by the Line of Chords, Thus, | E ut 

1. 0 


Sect. 2: The Uſe of the Nautical Chart. 


1. To lay down or to make an Angle: Place the Center to the angular 
Point, and turn the Inſtrument about until the North or South Point 
thereof cuts the given Line; then from the ſaid Line count ſo many De- 
grees in the Limb equal to the propoſed Angle, and there make a prick; 
a Line drawn from the Center through this prick, will form the Angle 
required. | Th. 
Note, If the Angle ſhould be Obtuſe, you muſt count beyond 90%, call- 
ing 80,100: Deg. 70,110 Deg. &c. 

2. To meaſure an Angle Place the Center of the Inſtrument to the an- 
gular Point, and turn it about until the North or South Point cuts one 
of the given Legs; then the number of Degrees intercepted betwixt that 
Leg and where the other cuts the Inftrument, is the quantity of the 
Angle required. | 

Note, 'The double Scale of Degrees upon the Limb, is intended for 
pricking the Points of the Compaſs the more exact; thus, if it were re- 
quired to draw a NNE Rhumb ; right againſt NNE in the innermoſt 
Scale of Degrees I find 22* 30% wherefore a prick made at 22* 3o' in the 
outermoſt Scale, (the Inſtrument being rectified to the Meridian) will be 
the Point through which the N NE Rhumb muſt paſs. 

4. To find the Diſtance between any two Places in the Chart, wherein. are. 


three Caſas. 


. 


CASE 4. 


Ta find. the Diſtance between two Places both Hing under the 
| | fame Meridian. 


In this Caſe, the Difference of Latitude converted into Miles or Leagues, 
gives the Diſtance required. As if one ef tae Places be in the Latitude 
of 40 Deg. and the other in the Lat. of 45 Deg. the Diſtance between them 
is 300 Miles or 100 Leagues. 


. 


To find the Diſtance vetwixt two Places differing both in 
| Latitude and Longitude. | 


Let the Places propoſed be F and G. Having found their Latitudes by 
Caſe 1. viz. the Lat. of F 36*®, and of G 47*; take their Difference of 
Eatitude = 11 Deg. from one of the graduated Parallels, a Ruler being laid 
over the two Places, apply one foot of the Compaſſes to the Edge th--eof, 
ſo that the other being turned about, may juſt touch ſome Eaſt and Weft 


Line crofled by the ſaid Ruler; then take the Diſtance from the * 
: che 
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the Place where the Compaſſes reſted, to the Point e, the Place where the 
Ruler croſſes the ſaid Eaſt and Weſt Line; that Extent meaſured upon 
the graduated Parallel gives 13* 14, which multiplied by 60 gives 794 Miles 
the Diſtance required. 

The Reaſon of this Operation is evident; for bd the Diff. of Lat. taken 
off the graduated Parallel, is the Proper Difference of Latitude, (becauſe 
the Degrees of Longitude in this Projection are every where equal to the 
Degrees of Longitude upon the Equator) and becauſe you are directed to 
carry one foot of the Compaſſes along the Line Ge, until the other 
turned about may juſt touch ſome Eaſt and Weſt Line, (croſſed by the 
Ruler, as 35 35) the Line 6d between the Compaties muſt be perpendi- 
cular to the ſajd Eaſt-and Weſt Line, and conſequently parallel to the 
Meridian; wherefore the Led (SFO) is the Conſe, and eb (Fc) 
the Diſtance in equal Parts or Miles. 

In the Year 1724. I conſtructed a Scale for meaſuring Diſtances in this 
Projection, by one Extent of the Compaſſes; which Scale was then en- 
graved by Mr. Senex, and ſoon afrerwards ſhewed by him to ſeveral People, 
though never directly publiſhed. But in about four Years afterwards, the 
very ſame Scale was publiſhed by one Mr. Haſelien as his own Invention ; 
with this only difference, that the Rhumbs drawn upon his Scale are Ob- 
lique to each other, whereas in mine I made them all parallel Lines for 
the ſake of raking leſs room, which I take to be an advantage; (bur it 
was ſo much the more trouble, becauſe I was vblized to draw them 
firſt after the ſame manner as he has done.) And indeed Mr Haſel- 
den's Scale is made for ſmaller Arches than mine. wiaich yet makes no 
difference in the Nature of the two Scales. Mr. Haſelden ſays, he begun 
his in the Year 1721 ; but as to that I have no more to ſay, but that I 
never heard of ſuch a one till abour four Years afcer mine was done, and 
ſhewed to ſeveral People, and particularly to one Mr. Scarlif, an intimate 
Acquaintance of Mr. Haſelden s. However, I do by no means diſpute the 
Invention with Mr. Haſelden, nothing more probable than that two Perſons 
might both hit upon ſo eaſy a thing; neither ſhould J have taken this no- 
tice of it, but that under the next Caſe I uſe a part of the ſaid Scale for 
meaſuring Diſtances in a Parallel; nor do I think it any Degradation to 
me, if now I do not approve of the reſt, (eſpecially ſince I never publiſhed 
it) for I think any Diſtance upon an O4/:gue Rhumb may be found by che 
Directions above, as ready, and perhaps more exact, (and I am ſure with 
leſs Perplexity) than by the fore-mentioned Scale. And, I hope, the 
Gentlemen who recommended Mr. Haſelden's Scale, have no reaſon to take 
it amiſs that I differ from them in Opinion; - eſpecially, ſince I only diſap- 
prove of what I had done myfelf before. | 

Mr. Haſelden in his Preface to the foreſaid Scale, makes mention of ſome 
Errors in the Practice of Navigation; but as he gives us no manner of 
reaſon for what he aſſerts, he leaves the World in ſuſpenſe as to the 

Truch 
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Truth of it; and therefore whatever I have advanced upon theſe Heads, 
I Rill claim as my OWN. 


CASE 6. 


To meaſure the Diſtance betwixt two Places, both Hing in the 
ſame Parallel of Latitude. 


If the Places are near the Equatbr, and not very far aſunder; you 
may take the Diſtance between them, and apply the Compaſſes to the 
graduated Meridian, ſo that one foot may ſtand as many Minutes above 
the given Latitude, as the other is below it; and the Degrees intercepted 
may be taken for the Diſtance: Or, thus, take the Length of a Degree 
upon the Meridian at the given Latitude, and turn that Extent between 
the two Places in a right Line, and ſo often as you find that Extent be- 
tween. the given Places, you may reckon ſo many Score Leagues or 60 
Miles, for the Diſtance between them. 

The Proportion uſed in the aforegoing Methods, for finding the 
Eength of an Arch of a Parallel, is ; As the Meridional Parts contained be- 
tween two Latitudes, both equidiſtant from the given. Latitude, To the Proper 
Difference of Latitude; So the Difference of Longitude, To the Meridional Di- 
ſtance. But the true Proportion is; As the Radius, To the Co-Sine of the Lat. 

f the given Parallel; So is the Difference of Longitude to the Diſtance required. 

herefore it would be convenient, that there ſhould be a Scale annexed 
to all Charts for meaſuring of Diſtances in all Parallels within their Limits. 
This Scale may be graduated as followeth:: 


Let it be required to form a Kale for this Chart that ſhall contain 100 
Leagues. | 
V. B. It is convenient the Breadth of the Scale ſhould not contain above 
10 Deg. and ſo many 10 Deg. of Latitude there is in the Chart, ſo many 
times (at leaſt) the Scale ought to be repeated. Wherefore, 1. Let us make 
a Scale for meaſuring Diſtances in the Parallels from 30 to 40 Degrees. 
Having drawn a right Line ab, let it be divided into 10 equal Parts, 
and upon one end thereof erect a Perpendicular bc; then through each 
of the Diviſions. in the Line a b, draw right Lines parallel to bc: Next find 
how many Minutes of Longitude anſwer to 110. Leagues or 330 Miles, 
in the extreme Parallels, (viz. of 30“ and 40 and alſo in as many of the 
intermediate Parallels as you judge convenient. To find the Length. of 
330 Miles in the Parallel of 30 Deg. the Proportion will be, 


As the Co-Sine of the Latitude 3 0 od 9.937531 
To the Radius; 8 
So is 330 Miles 2.518574 


To the correſpondent Diff, of Long. = 381 m. 2.580983 | 
| In | 
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In like manner you may find the Length of 1 10 Leagues, in the ſeveral 
Parallels of 32, 34, 36, 38 and 40 Degrees; which being found, lay theſe 
ſeveral Diſtances from the Line ab in their reſpe&ive Parallels, and thro 
the Points of Extenſion (by the help of a Bow) draw the Curve Line 
100 c; then ſubdivide each of theſe Lines into 10 equal Parts, and 
through the correſpondent Diviſions draw Curve Lines, and let the firſt 
be numbered o, the next 10, Sc. Now the ſeveral Parallels are divided 
to every 10 Leagues, from o to 100. Next, ſubdivide the Breadth of 
the firſt 10 Leagues from the Line ah, into 5 or 10 equal Parts, according 
as it will admit of, and through the correſpondent Diviſions draw 
Curve Lines, and the Scale is finiſhed, Note, It is convenient that the 
middlemoſt Parallel be dotted, for the more ready diſtinguiſhing of the 
reſt, os: 

In like manner may the Parallels from 40 to 50 Deg. be divided, and 
ſo of any other: And if the Breadth of a Degree in the Chart be pretty 
large, this Scale may be very well divided to a fingle Mile. 

The Scale being thus conſtructed, let it be required to find the Diſtance 
between F and G, both Places lying in the Parallel of 47* ; becauſe f G 
is greater than the Length of the Parallel of 47* in the Scale, I take off 
100 Leagues in that Parallel, and lay it from F to g; then I take the 
Remainder g G between the Compaſſes, and ſo carry it along the Pa- 
rallel of 47“ until one foot being placed in one of the large Diviſions, the 
other may fall among the ſmall Diviſions: Thus, when one foot ſtands 
in 40, the other reaches to 1, which ſhews g G to be 41 Leagues, and con- 
ſequently FG is 141 Leagues or 423 Miles, the Diſtance required. | 

This Scale may be divided Geometrically, thus; If you make 100 Leagues 
or 5 Degrees in the Equator, the Radius of a Circle; the Secants of the 
ſeveral ' Degrees in that Circle will be the reſpective Lengths of 100 
Leagues in the correſpondent Parallels of Latitude in the Scale whence 
the intermediate Diviſions may be found, and Curve Lines drawn thro? 
them, as before. Or, If you make ab equal to the Difference of the 
Secants of 30 and 40 Deg. alſo the Breadth of a 31%, a 325% Fc. equal to 
the Difference of the Secants of 30 and 315 32?, Oc. and through theſe 


Diviſions draw right Lines perpendicular to a 6b; the extreme Parallels 


being limited and divided as before, right Lines drawn through theſe Di- 
viſions, will divide the intermediate Parallels into equal Parts: but then 
the Breadth of the Scale will not be ſo convenient, neither can you eſti- 
mate the Parts of a Degree ſo well, as when the Diſtance between. the ex- 
treme Parallels is divided into equal Parts. 


Sect. 2. The Uſe. of the Nautical Chart. 


PROB. I. 


From any ſufficient Data, to find the Ship's Place upon the Chart. 
I ſhall begin with Caſe 4. of the foregoing Section, (becauſe the three firſt 


are only ſubſervient to, thoſe which follow) and ſo run through the 
remaining Caſes in the ſame Order as they have been there treated of. 


| I. Having both Latitudes and the Departure ; to find the 
| Tu e Ship's Place. 


Examp. Admit a Ship from B in the Lat. of 42 00! N. ſailed between 


the North and the Eaſt until ſhe came into the Lat. of 48* oo' N. and that 


then her Departure was computed to be 149 m. and it be required to find 
the Ship's Place upon the Chart. Having laid a Ruler over the Point B 
parallel to the Meridian, take the Difference of Latitude = 6 oO from 
the graduated Parallel, and lay it cloſe to the Edge of the Ruler from 
B to A; then take 149 Miles (= 2* 29/) from the graduated Parallel, 


and lay that Diſtance from A, towards the right-hand, as near, as you 


can perpendicularly to the Meridian ; then apply the Edge of the Ruler 


cloſe to the Point C, (where the Foot of the Compaſſes falls) and to the 
Point B. The Ruler lying in this Poſition, ſee where the Parallel of the 


Ship's Latitude interſeRs it, as in D, and the Point D is the Ship's Place. 
Whence by Prob. I. the Courſe will be found ro be N NE, the Diſtance 
failed 390 Miles nearly, and the Difference of Longitude 3* 310. 


II. Having one Latitude, Diſtance ſailed, and the Departure ; 
Sas; fo find the Ship's Place. - . 


Let the Place departed from be B (as before) the Diſtance ſailed 390 


Miles in the NE Quarter, and the Departure 149 m. to find the Ship's Place 


in the Chart. Take 149 m. from the graduated Parallel, and lay it direct- 
ly Eaſt from B to E; then lay the Ruler cloſe to the Point E and parallel 
to the Meridian, and take 390 (= 6* 30”) from the graduared Parallel, 
and ſetting one Foot of the Compaſſes in B, turn the other about until it 
touches the Edge of the Ruler, as in C; then take B E betwixt the Com- 
paſſes, and ſetting one Foot in C, turn the other about until it touches 


the Meridian BL, as in A: The Line A B meaſured upon the graduated 


Parallel, gives the Difference of Latitude, by which find the Latitude the 


Ship is in; a Ruler being laid from B to C, where it interſeRs the Parallel 


of Latitude arrived into, as in D, is the Ship's Place required. 


O III. Having 
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III. Having one Latitude, Courſe, and the Departure; to find 
the Ship's Place. | t ne 


Let B be the Place departed from, the Courfe NNE, and the De- 
parture 149 m. eee eee, 
Lay a Ruler from B along the Courſe, then taking 149 Miles from the 
IN Parallel, carry one Foot of the Compaſſes along the Meridian 
L, ſo that the other Foot may be perpendicular to it, until the ſaid 
Foot touches the Ruler; then the Length from A (where the Compaſſes 
reſted) to B being meaſured in the graduated Parallel, will give the Dif- 
ference of Latitude, by which find the Latitude arrived into; the Ruler 
lying Kill in its former Poſition, ſee where the Parallel of the Ship's La- 
titude interſeQs it, as in D; the Point D is the Ship's Place required. 


IV. Both Latitudes and the Difference of Longitude, beim 
Sen, #3 fad the Shot Bla... © 


Let B be the Place departed from, the Latitude arrived into 48* ov, 
and the Difference of Longitude 3* 31 EY. Having laid a Ruler from B 
parallel to the Meridian, take 3* 31 from the , graduated Parallel, and 
apply that Extent due Eaſt from the Edge of the Ruler, in the Parallel of 
48” oo”; the Point D where the ſaid Extent reaches to, is the Ship's Place 
required. 4 


V. Having one Latitude, the Courſe, and Diſtance z fo find 
| M the Ship's Plot. 8 ** 


Admit a Ship ſailed from B NNE 390 Miles, and it be required to 
find her Place upon the Chart. g | 

Having laid a Ruler from B along the Courſe, take 390 Miles (= 631) 
from the graduated Parallel, and apply that Extent cloſe ro the Edge of 
the Ruler, from B to C; then take the neareſt Diſtance from C to the 
Parallel of (B) 42*, and apply that Extent from B to A; 'then AB mea- 
ſured in the graduated Parallel will give the Difference of Latitude, by 
which find the Latitude the Ship is in; the Point D where the ſaid Pa- 
rallel interſects the Ruler (it lying till in its former Poſition) is the Ship's 
Place required. 


VI. Both Latitudes, and the Courſe, being given z to find the 
Ship's Place. 


Admit a Ship failed from B NNE, until ſhe came into the Lat. of 
48 oc/, and it be required to find her Place in the Chart, 


I Lay 
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Lay a Ruler from B along the Courſe, and where the Parallel of 48? oof 


interſects it, as in D, is the Ship's Place required, 


VII. H. av! both Batitudes and the Diſtance ſailed to find 
Tray 22 0 the Ship's Place. 10 


Admit a Ship from B ſails in the N E Quarter 390 Miles, and then is 


found to be in the Lat. of 487 oo”; and it be required to find her Place 
in the Chart. | | 


Having laid a Ruler from B parallel to the Meridian, take 6 Deg. (the 
Diff. of Lat.) from the graduated Parallel, and lay that Extent cloſe to the 
Edge of the Ruler from B to A; then turn the Ruler cloſe to the Point A 
until it lies directly Eaft and Weſt, and take 390 Miles from the graduated 
Parallel, and ſetting one Foot of the Compaſſes in B, turn the other about 
E until it touches the Edge of the Ruler; the Compaſles reſting in this 
Poſition, apply the Ruler cloſe to both the Legs, then where the fiducial 
Edge of the Ruler interfefts the Parallel of 48 Deg. as in D, is the Ship's 
Place required. | | 


— the Courſe, and Difference of Longs 
| 5 rTude, to find the Ships Place. | 


Admit a Ship from B, fails NNE until her Difference of Longitude be 
k 1 ; and it be required to find her Place in the Chart. ; / 

Having laid the Edge of a Ruler from B along the Courſe, take 3* 31 
from the graduated Parallel, and carry one Foot of the Compaſſes along 
the Meridian BL, keeping the other due Eaft from it, until it touches the 
Ruler, as in D; and the Point D is the Ship's Place required. 

N. B. In the aforegoing Examples, the Rhumb-Line may be repreſented 
by the Thread extended from the Center of the Protractor adjuſted to the 
Place departed from ; and the Ruler may be very well laid either di- 
rectly North and South, or Eaſt and Weſt, by the help of the Meridians 
and Parallels already drawn upon the Chart. 


IX. Admit 4 Ship from L ſails due Eaſt, until ſbe has altered 
þ Longitude 3* 31/5 and it be required to find the Place 
e is in. 


Take 3* 31 from the graduated Parallel, and lay it due Eaſt from L to 
D; the Point D is the Place of the Ship. 


O0 2 X. Admit 
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x. Admit a Ship from L in the Lat. of 48* oo ſuils due Faſt 
47 Leagues; and it be required to find her Place in the Chart. 


From the Hale (for meaſuring Diſtances in a Parallel) take 47 Leagues 
in the Parallel of 48* ; then apply that Extent directly Eaſt from L to B; 
and the Point D is the Ship's Place required. 

If the Diſtance ſailed in any Parallel, ſuppoſe 47 Leagues, and the Dif- 
ference of Longitude correſponding thereto, which ſuppoſe to be 3* 3 19, 
be given; and 1t be required to find the Latitude of the Parallel. 21 

Take 3* 31/ from the graduated Parallel, and ſetting one Foot of the 
Compaſſes in 40 Leagues upon the annexed Scale, carry it along that 
Line (keeping both Feet parallel to the Lines of Latitude) until the other 
Foot falls upon 7 Leagues; the Line wherein the Feet of the Compaſſes 
ſtand, will be the Latitude required ; which -in this Example 'is 48 
Degrees. 11:4; d: la ont] ; lowed zi li: 

Thus all the Caſes in Navigation may (if required) be eaſily ſolved by 
this Projection and the annexed Scale : But for Practice, it is beſt to keep 
a daily Account of the Ship's Difference of Latitude and Longitude in Num- 
bers; by which her Place in the Chart may be readily found, and con- 
ſequently the Bearing and Diſtance of the Place ſhe is intended for. 

The Uſe of this Prejection being made ſo very plain and eaſy, even to 
the meaneſt Capacity; it might be thought ſtrange that People ſhould 
ſtill uſe that abſurd and erroneous Projection called the Plain Chart : but 
for this I do not think that Mariners are ſo much to be blamed, for they 
muft make uſe of what Charts are already done to their hands, let the 


Projection be what it will. And ſeeing the Situation of Places are ſo 


erroneouſly repreſented in moſt of our Sea-Charts, it is not at all ſurprizing 
if People cannot ſo much experience the Excellency of one Projection above 
the other. But in a ſhort time there will be done a compleat Sett 
of Sea-Charts by Mr. Senex, upon that only true Projection invented ſo 
long ſince by Mr. Wright, (tho commonly called Mercator t) and which I 
do not doubt will exceed any thing of that kind which has hitherto been 
publiſhed. | 


* 


SECT. II. 
Of a Traverſe, or a Compound Courſe. 


Fraverss, is when ſeveral Courſes are conſidered as making ons 
direct Courſe : or, when ſeveral Courſes are given, to find the di- 

rect Cowſe and Diſtance, &c, made good in all the ſaid Courſes. 
| 3 


Sect. 3. a Paverſe. 
When the Diſtances ran are but ſmall, it is ſufficient for Practice to 


find only the Difference of Latitude, and Departure correſponding to each 
ſingle Courſe (by Caſe 1. of Se. 1. of this Chap.) and from thence the Dif- 


ference of Latitude and Departure made good; by which the true Place of 


the Ship may be found (by Caſe 4. of the ſaid Sec.) and conſequently the 
Bearing and Diſtance-of the Place departed from.. ; | 


Examp. Admit a Ship takes her Departure from the Lizard in the 
Lat. of 50* oo' N. it bearing NNW Diſtance (by Eſtimation) 5 Leagues; 
and fails SE 34 Miles, then W4S 16 Miles, WNW 39 Miles, and 
laſtly S E 40 Miles; and it be required to find the Latitude ſhe is ar- 
rived into, and her Bearing and Diſtance from the Lizard. 

Note, Taking the Departure from the Land, is a Phraſe in Navigation; 
But the Word Departure here has no manner of relation to what we 
call the Departure in working a Day's Account. This I mentioned as a 
farther Caution not to miſtake the Term Departure concerned in a Day's 
Work, for the Diſtance from the Meridian of the Place departed from.] 

1. Find the ſeveral Differences of Latitudes and Departures anſwering 
to each Courſe and Diſtance, (by Caſe 1. Sect. 1. of this Chap.) as followeth. 

Note, Becauſe the Lizard bore from the Ship when ſhe took her Depar- 
ture NNW ] Leagues, the firſt Courſe from the Lizard is SSE 15 


For the Diff. of Latitude. For the Departure. 
I. Courſe SSE 15 Miles. AH 
As the Radius 10. | As the Radius Io. | 
TJ C. S of Courſe 22* 300 9.96561 To the S. of Courſe 22 ] 01 9.58284 
So is the Diſtance 15 1. 17609 So is the Diſtance 15 1.17609 


To the Diff. Lat. 13.86 1.14170 | To the Departure 5.74 0.5893 
2. Courſe SE 34 Miles. 


As the Radius Io. As the Radius Io. ; 
 ToC.S. of Courſe 45* o 9.84948 To the S. of Courſe 45 oO 9.84948 
So is the Diſtance 34 1.53147 So is the Diſtance 34 1.53147 

To the Diff. of Lat. 24.04 1.38095 To the Departure 24.04. 1.38095 


g | | 3. Courſe WbhS 16 Miles. 
As the Radius 10. I As the Radius 10. 


To C. S: of Courſe 78450 9.29023] To the S. of Courſe 780 4% 9.991 57 
So is the Diſtance 16 1.20412 | So is the Diſtance 16 120412 
Jo the Diff. of Lat. 3.12 49435 To the Departure 15.69 1.19569 


For 
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—— — 222. 


102 


As the Radius SES 10. I As the Radius 10. 


thus found, they muſt be diſpoſed of, as in the followipg Table, call 


and Weſtings. 


of the Northings and Southings gives the Difference of Latitude, which if 
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For the Diff. of Latitude. | For the Departure. 
4. Courſe WNW 39 Miles. 


— — WW... 


To CS. of Courſe 67* 30 9.58284 | ' To the S of Courſe 67* 30/ 9.96561 
nn, 1.59 06 So is the Diftance 8 1.59106 


To the Diff. of Lat. 14.92 1.173 90 To the Departure 36.03 1.55667 


5. Courſe SLE 40 Miles. | 
As the Radins 10. 


As the Radius 10. 
To C. S. of Courſe 11515 999157 To the & of Courſe 11* 15/ 9.29023 
So is the Diftance 40 1.60206 | So is the Diſtance | 1. 60206 
To the Dif. of Lat. 39.23 1.593631 To the Departure . 0892 29 


- # # 
” 
oY : 


Departures, 


hens 


Now the ſeveral Differences of Latitudes and the 


the Traverſe Table; which conſiſts of 6 Columns: In the two firſt of which 
muſt be placed the ſeveral Courſes and Diſtances, and in the other four, 
the ſeveral Differences of Latitudes and Departures deduced from each 
Courſe and Diſtance, each in its reſpe&ive Column; that is, if the Courſe 


beN Wader) T the Diference of Latirude muſt be placed under Column 
! 


N, (or Column for the North) and- the Departure under Column Wins 


but if the Courſe be 8 4 N then the Departure muſt be placed ag 
before, and the Difference of Latitude under the South ; and being thus 
diſpoſed, it is manifeft, that the Totals of the ſeveral Columns ſhew the 


Difference of Latitude North and South, and the Departure Eaſt and Veſt 
that the Ship has made; which ſome call the Northings, Southings, Eaſtings, 


Wherefore, Having added all the Northings, as likewiſe the Southings, 
and fo the Eaſtings, and alſo the Weſtings; the Difference of the Totals 


the + Inns. © is greateſt, the Ship is got to the 4 alt of her 


firſt Place ; alſo the Difference of hy 2 of the Eaſtings and Weſtings 
a 3 aſting | 
gives the Departure, which if the +; eſti 57 be the greateſt, the Depar- 


ture is accordingly* Wer, 


The 
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The Traverſe Table. 


Set. 3. 


a Dif , of Lat. | Departure. 


Now, becauſe the Sum of the Southings exceeds that of the Northings by 
65.33 Miles, or 1* 07/.33, it follows, that the Ship has got ſo far to the 


Southward of the Lizard. Wherefore, . 
From the Latitude ſailed from | 50? oo N. 
Take the Difference of Latitude made 1 07 87. 
Remains the Latitude the Ship is in 48.53 


Again, Becauſe the Sum of the Meſtings exceeds the Sum of the Eaftings 
by 14.15: m. it follows, that the Departure is 14.11 m. Weſterly ; whence to 
find the direct Courſe, or the Bearing of the Lizard from the Ship; it 
will be by Caſe 4. of Sect. 1. | \ x | 


As the Difference. of Latitude 65.33 1.815113 
To the. Departure 14.11 1.149527 

So is the Radius 10. | 
To the Tangent of the Courſe 12* 11 9. 3 344 14 


Which, becauſe the Difference of Latitude is S”, and tlie Departure 
Wi, is S 12 11 W; whence the Lizard bears from the Ship N 12 117 
Eu, or NVE 56“Ex. 

Again, for to find the direct Diſtance, it will be by the ſame Caſe, 


As the Sine of the Courſe 12 11 9324366 
Is to the Radius 5 

So is the Departure 14.11 1.149527 
To the dire Diſt ance 66.86 Miles 1825161 


| By 


_ 


late 6. 
g. 8. 


, By the ſame Caſe may the Difference of Longitude, if required, be 
ound. 5 3 

A Traverſe may be Protracted three different ways; vis. 

1. By drawing new Meridian through the Extremity of every Courſe, 
(parallel to the firſt Meridian) then laying off the Courſe and Diſtance, as 
in Caſe 1. of Sect. 1. E ee | 

2. By laying down the Quantity of the Angle (after the firſt Courſe is 
* between the Point next to be laid down, and the Point oppoſite 
to the Courſe laſt protracted; and ſo proceeding till the whole is finiſhed. 

3. Having a Circle deſcribed, and divided like the Mariners Compaſs, you 
may draw the ſeveral Courſes parallel to the Rhumbs in the Compaſs, and 
lay off the Diſtances as uſudl : Which being done, a Line drawn from 
the Place the Ship departed from, to the Place ſhe arrived at, is the Di- 
ſtance, and the Angle which this Line makes with rhe Meridian, is the 
direct Courſe ; the ſame is to be underſtood in the two former Methods. 

For the ſake of the young Learner, L ſhall protract the Example above 
after theſe three different Methods; tho' in Practice the things required 
ought. to be found Arithmetically, and then there will be no neceſſity for a 


1 
> 


Geometrical Conſtruction. | I” | 3 = 
1. Having drawn the Meridian L M, take ſome convenient Point therein 
L, for the Lizard ; then becauſe the Lizard bore NN W 15 Miles from 
the Ship, draw the SSE Line LA, and lay thereon the Diſtance 15 
Miles from L to A; then will A be the Place of the Ship when ſhe took 
her Departure. | AF wax 4 6] ; 
Through A draw the Meridian A a parallel to LM, and make the 


Za A B=, Points, and draw the SE Line AB, and lay thereon 34 Miles 


from = to B; then is B the Place of the Ship at the end of her firſt 
Cou e. i ** N J | 'T 2 | 4 ooh | +4 F 1 

3. Through B draw the Meridian B 5, and make the £b B C=-7 Points, 
and upon the WS Line BC lay 16 Miles from B to C. = 

4. Through C draw the Meridian Cc, and make the £ cC D=6 Points, 
and upon the WN W Line CD lay 39 Miles from C to D. | 

5. Through D draw the Meridian D 4, and make the £4 D E==1 Point, 
and upon the 85 E Line DE lay 40 Miles from D to E; then is E the 
Place of the Ship at the end of her laſt Courſe. p | 

Laſtly, Draw the Right Line EL, and let fall the Perpendicular EM; 
then is LE the Diſtance of the Ship from the Lizard, LM her D/ 
ference of Latitude, EM her Departure, and the £ ELM the Courſe ſhe 
made good. | ; 

Note” If from the ſeveral Points A, B, C, &c. be drawn Perpendiculars 
upon the Meridians, you will have the feveral Differences of Latitudes and 
Departures to each ſingle Courſe ; but that would be ſuperfluous, ſince the 
011-24 al of Latitude and Departure, Cc. made good, is the only thing 
wanted, | 


* 


: Note, 


* | 
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_» Note, In laying off the Angles, regard muft be had to the Cardinal 
Points, by conſidering that the Top is the North, the Bottom the South, 
the Right-hand the Eaſt, and the Left the Weſt. 
III. Having drawn the Meridian L M, and fixed upon ſome Point with- Egg. z. 
in it L for the Lizard; draw the 88 E Line L A, and lay 15 Miles 
en,, ard mn dd 7 4 8 3 . 
2. Make the ZL A B=14 Points, (the Quantity between the NNW 

Line AL, and the next Courſe S8 E,) and make A B=34 Miles. 
3. Make the ZAB C= Points, (the Quantity between the NW Line 
BA, and the next Courſe WAS) and lay 16 Miles from B to C. | 
4. Make the Z BC D=13 Points, (the Quantity between the EN 
Line C B, and the next Courſe W N W) and lay 39 Miles from C to D. 

5, Make the CDE; Points, (the Quantity between the ESE 
Line D C, and the next Courſe 85 E) and lay 40 Miles from D to E; 
then is E the Place of the Ship; from whence if you draw the right Line 
EL. and let fall the Perpendicular E M, you'll have the Courſe, Diſtance, 
Difference of Latitude, and Departure, made good, as before. 
Note, When the Angle between both Rhumbs is above 8 Points, you 
may eaſily. find its Quantity, by taking both Courſes as they are given (in- 
ſtead of taking the oppoſite to the laſt Rhumb) and finding the Angle be- 
tween them ; the Complement whereof to 16 Points or 180 Deg. will be 
the Angle fought. Thus, the Arch between the SSE Line LA, and the SE 
Line A B is evidently two Points, the Supplement whereof = 14 Points, 
TRL „ enn ie by 

III. Having drawn the Meridian L M, and fixed on ſome Point within Fig. 4. 
it L for the Lizard; either from thence, or from ſome other convenient 
Place, deſcribe a Circle, which divide after the ſame manner with the Ma- 
riners Compaſs ; then draw the SS E Line L A=15 Miles. < 
2. Parallel to the SE draw A B==34 Miles; again, from B parallel 
to the WS, draw B C=36 Miles; next through C parallel to the WNW, 
draw C D=39 Miles; Again, from D draw DE=4o Miles, parallel to 
the SbE : then is E the Place of the Ship at the end of her Traverſe, EL 
the Diſtance from the Lizard, LM her Difference of Latitude, E M her 
Departure, and the E LM the Courſe ſhe made good. 

N. B. You need not draw any more Rhumbs in the Compaſs than you 
have Courſes: to lay down. 8 8 5 

By this Method Surveyors who take their Angles by the Needle, (or 
from the Meridian) may eaſily protract their Field; by having a large Cir- 
cle divided into Degrees, c. printed upon the Paper which they intend for 
their rough Draft; and then by the help of a Parallel Ruler may all the 
Angles be moſt readily laid down. 


'The moſt expeditious way of working a Traverſe of ſhort Di- 
ſtances, is by a Table, entituled, A Table of Difference of La- 
titude and Departure. 

P This 
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This Table is calculated by Caſe 1. of Sect. r. of this Chap. ſhewing the 
Difference of Latitude and Departure to every 4 Point for the Courſe 
and for any Diſtance not exceeding 100 Miles; and may be made to ſerve 
for any other Diſtance, provided it be firſt divided into Parts not ex- 
ceeding the Limits of the Table. | bel? 


Look the Courſe, if * & four Points from the Meridian, in the 

. of the Table, and the Miles ſailed in one of the outermoſt 
A 02 has leſs 1 | M.: 1 d 8 Left 4 
Columns, (which if it bet more chan; © Miles, you'll find = be Right , 
hand Page) and in the common Angle of meeting Þ — 7 Lr. you'll 


* 


find the Difference Latitude; and 1 . Dep. the Departure from the 


Meridian. If the Diſtance ſhould exceed 100 m. it muſt be broken into 
Parts not exceeding 100, and therewith -the Table entered, and the Diff. 
of Latitudes, and the Departures taken out proper to each Part of the 
Diſtance ; the Totals of theſe will be the Difference of Latitude and Depar- 
ture required, | | i 211 

Note, The Courſe muſt be always counted from the Meridian, or the 
North or South Points of the Compaſs, according as it happens to be Nor- 
therly or Southerly. | | ] { 

Examp. 1. Admit a Ship fails NNE + EY (that is, 2 + Points from 
the Meridian) 68 Miles; and it be required to find the Difference of Lati- 
tude and the Departure. | 

In the right-hand Page (becauſe the Diſtance is greater than 50) find 
the Diſtance 68 ; and at the Top (becauſe the Courſe is lefs than 4 Points) 
look for the Courſe 2 + Points, and right under it againſt 68 the Di- 
ſtance failed, you'll find in the Column Lar. 59.96 for the Difference of 
Latitude, and in the Column Dxe. 3 2.05 for the Departure. 

If the Courſe had been NEbE + E, and the Diſtance as before 68; 
then the ſaid Courſe muſt have been ſought for at the Bottom, and the Diffe- 
rence of Latitude would have been found to be 32.05, and the Departure 

9.96. - | | 
a Examp. 2. Admit a Ship ſails S WSW 150 Miles, and it be required 
to find the Difference of Latitude and the Departure. "(4 

At the Bottom of the right-hand Page find out the Courſe 5 Points, and 
againſt the Diſtance 100 you'll find 55.56 for the Diff. of Latitude, and 
$3.15 for the Departure. Again, find out 5o (the remaining Part of the 
Diſtance) in the left-hand Page, and right againſt it, and above 5 Points, 
you'll find 27.77 for the Difference of Latitude, and 41.57 for the De- 
parture. 
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bat. 2 | Of a Travirſe 


Diſt. Di. Lat. Dep. 
10  - 455.46 | 8 
; 1 41.52 
> Mi CS B3.33 1124.72 


So that the Difference of Latitude anſwering to the Courſe 8S WS W, and 
the whole Diſtance 150 Miles, is 83.33 min. and the Departure 124.72 
Mm. | | 
Alfter the ſame manner the ſeveral Diff. of Latitudes, and the Depar- 
tures anſwering to each Courſe and Diſtance, in the foregoing Traverſe, 
will be found, as ſet down in the Traverſe-Table; and ſo of any 
other, | 


When the Diſtances ran are pretty large, inſtead of finding the 


Departure, you ought to find the Difference of Longitude cor- 
-xeſponding to each fingle Courſe : Thus, 


— Find the Di. of | e anſurering to each Courſe, which 


ſet down in a Table, as in the Example above; then in another Column 
ſet down the ſeveral Latitudes arrived into, in their proper Places, againſt 


which, in two ſeparate Columns, ſet the Meridional Parts anſwering to 


each Latitude, and alſo the Meridional Difference of Latitude : then have you 
at one View all the Numbers requiſite for finding the Difference of Longi- 
tude 3; which being obtained, either by the -8®* or the 13** Caſe of Sect. 1. 
ſet in proper Columns, as before you did the Departures; then add the 
Eaſt Longitudes together, and alſo the Veſt Longitudes, and their Diffe- 
rence will be the Difference of Longitude required. | 

Example. Admit a Ship from p 4 Lixard in the Lat. of 50 oo' N. is 


bound to the Weſt-end of Madera, lying in the Lat: of 32* 20/ N. Longi- 
tude from the Lizard 12 15 Weſt ; and fteers as followeth, viz. 1. S SW 
250 Miles; then due Weſt x56 Miles, SES 300 Miles, WN 180 
Miles, and laftly dye South 185 Miles ; and it be required to find the 


Latitude ſhe is arrived into, and the Bearing and Diſtance of the Weſt-end 
of the Madera. 


The 
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Chap. II. 
The. Traverſe Table. 


5 | PR I ne <P gg one.. 
| Courſes. | Dif. Diff. of Lat. LOR W Dif}. of | Diff. of Long. 
I Vorth.| South. | 50% 007 N. 3474.5 [M parts.] Eaft. It. 

SS W. 250 231 46 o9 3128.5 | 346 143-3 
Welt. 156 46 09 | | {4 4; 225.2 
S ES. 300 249.4442 oo 2781.7 | 3468 [231.7 

W bN.| 180 35 42 35 2829 47-3 237.8 

South. 185 185 39 30 n 
92 12317606. 3 
2 2. % 28 Mot een 
| Diff. of Lat. | Diff. of Longitude, 374.6 


Thus, having proceeded according to the above Directions, I find: that 
the Ship is arrived into the Lat. of 39“ 30/ N. and that ſne has made 
374-6 m. ( 14/.6) of Niffor onco of T nagetrndso \Noftarly s werben the di- 
rect Courſe and Diſtance from the Lizard may be had by Caſe 7. of Sell. x: 


To find the Bearing and Diſtance of the Weſt-end of Madera 
from (the a oo ntl! ons 

From the Latitude the Ship is = 39 307 N. 2583.6 f Fe 1 | _ 
Subſtratl the Latitude of Madera 32 20 N— . rt. 


89 


7 10 31.6 M. Dif, Lat. 

"= | | | | | 
Prop. Diff, Lat. 430 -e % 3d 0 

Again, er et na at es 


From the Longitude of Madera from the Lizard 12* 1 5 'W( Mn) Þ 
Take the Longitude of the Ship from the Lizard 6* 1 5"'W (=E e) 

1 | 6 00 WY (MS) 
Remains the Long. of Madera from the Ship ; 60 


360 m. 
Then ſay, | 
As the Merid. Dif. of Lat. (E S) 531.6 2.725585 
To the Difference of Longitude (S M) 360 2.556 3 02 
So ts the Radius 10. 


Y 


— 


To the Tang. of the Courſe (S EM) 34 67 9.830717 
Hence 


Sect. 3. a Traverſe. 
Hence, the Weſtermoſt Point of Madera bears from the Ship S 34* O6 
WV. ; | 3 | 
To find the Diſtance, it will be, 


At the Co-Sine of the Courſe 34* 06' 9.918062 
Is to the Radius ; | 10. 

So is the Difference of Latitude 430 2.633468 
To the direct Diſtance 519.3 Miles 2.715 406 


Having found the ſeveral Latitudes arrived into, this Traverſe may be 
delineated in the Sea- Chart by Caſe 6. and 10. of Prob. II. of the laſt Section; 
and thence the Courſe and Diſtance from the Point E (the Place of the Ship 
at the end of her Traverſe) to the Point M (repreſenting the Weſtermoſt 
Part of Madera) may be found by Caſe 3. and 5. of Prob. I. of the ſame Se. 

I ſhall next ſhew how a Ship may ſhape her Courſe, ſo as to bring 
any 'known Place, upon any required Bearing and Diftance from her; 
which many times is very neceſſary to be known, in order to gain the ad- 
vantage uf Tur, vs vwultaus Tue, c. when a Ship id ucar entering into 
a Harbour, &c. 

1. Let it be required to find how far, and upon what Courſe the Ship 
muſt ſteer from the Point E, to bring Madera or the Point M to bear 
SES 120 Miles. | | 

Conſtruction. Thro' M draw the Meridian M 4, and alſo the N W4N 
Line MN; then taking 120 Miles from the graduated Parallel, apply 
that Extent from M to h, and let fall the | A, then aM meaſured on 
the graduated Parallel, will give the Difference of Latitude, by which 
find the Latitude of the Point d, (or the Latitude wherein the Ship would 
be after ſhe had failed NWS N 120 Miles from M) through which draw 
the Parallel Ne, and where this Parallel interſects the Rhumb-Line MN, 
as in N, is the Point which the Ship muſt ſail to; from whence draw the 
Rhumb-Line NE: then is the (N Ee the required Corſe, E e the Diff. 
of Latitude, and Ne the Difference of Loizgitude ; whence the Diſtance may 
be found by Caſe 5. of Prob. I. of the laſt Section. But to determine theſe 
by Calculation ee 

Firſt, the Difference of Latitude and Longitude betwixt Madera or the 
Point M, and the Point N where the Ship is required to ſail into; muſt be 

found as followeth, viz, R: C. S. d MN: : M: Ma; that is, 


As the Radius 40, 
To the C Sine of the Courſe 33 45 9.919846 
So is the Diſtance 120 m. 2.079181 
To the Difference of Latitude 99.78 m. 1.999027 


Which, 
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Which, becauſe the Difference of Latitude is Northerly, and the Latitude 
of Madera is N'. 


Add the Dif}. of Lat. 99.78= 1 40” NU. 
The Latitude of the Point N. 34 oo — 


| Meri d. Diff Lat, 119 
To find the Difterence of Longitude, it will be, 


To the Latitude of Madera 32* 20/ N. n— 
C aan . 


As the Radius . 
To the Tangent of the Courſe 3 3 45 9.824892 
So is the Merid. Difference of Lat. 119 2.075547 


To the Diff. of Longitude (d N) = 79.5 m. 1.900439 | 
Which, becauſe it is Weſterly, and Madera lies Weſtward from the 


Ship, | 
To de the Diff. of Long. of Madera rom rhe dnp 360 
Add the Difference of Longitude d N 79.5 
The Sum N e is the Diff, of Long. the Ship muſt make 439.5 
Next, | | 


From the Latitude of the Point E 39* 30'——258 7 M ** | 
Subſtrat} the Latitude of the Point N 34 oo 21715 OOO 


5 39 412 M. Diff. Lat. 
Prop. Diff. of Latitude 5 60 | 


330 
To find the dire& Courſe from E to N, it will be; 
Ee:eN::R:'T.eEN; that is, 


As the Merid. Diff. of Latitude 412 2.614897 
I to the Diff. of Longitude 439.5 2.642959 
So is the Radius 10. 


To the Tang. of the Courſe 46* 51! (S WU) 10.028062 
Whence to find the Diſtance, it will be, 


As the Co-Sine of the Courſe 46 5 1/ 9.83 4999 
Is to the Radius 10. 
So is the Proper Diff. of Latitude 330 2.5 18 514 
To the Diſtance 48 2.5 m. 2.683515 


Sect. 3. Of a Traverſe. 


2. If it be required to find how far, and upon what Courſe the Ship 


muſt ſteer from E, to bring the Point M to bear due Weſt diſtant 90 
Miles. | 

Firſt, find the Difference of Longitude correſponding to 90 Miles in the 
Lat. of the Point M, (or the Weſt-Point of Madera) as followeth ; 


| As the Co Sine of Lat. (of the Point M) 32 20 9.926831 


Is to the Radius 10. 
So is the Merid. Diſtance go Miles 1.954242 
To the Diff. of Longitude 106.5 2.027411 


Which 106.5 (= 46/5) take from the graduated Parallel, and lay 


Eaſtward from M to O; then is the LOES the Courſe the Ship muſt 


ſteer ; and if Ef be made equal to the Proper Difference of Latitude from 
E to 8, g E will be the Diſtance required. | 


Or, the Point O might be found only by help of the Scale deſcribed in 

the laſt Section, for meaſuring of Meridional Diſtances ; whence the Courſe 

and Diſtance might he fannd hy Caſo 3 and . of Pyob. I. of the ſaid Set. 
Next, becauſe the Points O and E are both to the Eaſtward of Madera, 


From the Longitude of the Ship, or the Point E from Madera 36 od 
Subſtraft the Long. of the Point O from Madera 065" 


Remains O'S the Diff. of Long. the Ship muſt make 2535 


To find the LOES, or the Courſe from F to O, it will be, 
ES: SO:: R: T. SEO; that is, 


As the Merid. Diff. of Lat. E S=5 31.6 2.725585 
To the Diff. of Longitude OS=25 3.5 2.403978 * 
So is the Radius | 5 | 


To the Tang. of the Courſe 25300 (SW?) 9.678393 
Whence, to find the Diſtance, it will be, | 
| CSOES:R::E/: Eg; that is, 


As the Co- Sine of the Courſe 25* 30 9.955488 
1s to the Radius : 10 | 
So is the Proper Diff. of Latitude 430 2.633468. 
To the Diſtance required 476.4 m. 2.677980 


After the ſame manner it may be eaſily found, how far and upon 


What Courſe a Ship muſt ſteer, in order to bring any known to any 
earing 
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Bearing and Diſtance required; vix. 1. Finding the Diff. of Latitude and 
Longitude, (from ſome known Place) of the Point the Ship muſt ſail into; 
then by the Difference of Latitude and Longitude from the Ship to the ſaid 
Point, may the Courſe and Diſtance required be found. BE i 


ä — 


— — — — Ll — — — cc — — — o 


TEC Ts -&V5 
Of Finding the Bearings and Diſtances of Places. 


Aae this Section is of no immediate Uſe in keeping a Ship's 
Reckoning, yet is it very uſeful for deſcribing of Sea-Coaſts, laying 
down of Shoals, &c. in Sea-Charts; alſo Surveying of Land, and Mapping of 
Countrys may be performed by the Rules herein given. | 

It would be needleſs here ro trouble the Reader with « Neſeription of 
the ſeveral Inſtruments uſed for taking of Angles ; thoſe uſed by Surveyors 
of Land being of various kinds, as the Theodolite, Circumferentor, &c. But 
the Bearings of Places at Sea may be readily found by the new Azimuth 
Compaſs deſcribed in Sect. 2. of Chap. IV. Thus, turn the Inftrament 
about until you can ſee the Object through both the Sights, and the Point 
of the Card which cuts the Meridian, is the Bearing required. 


CASE 


The Bearing and Diſtance of two Places from each other, as 
alſo the Bearing of each of them from a third Place, being 
given; to find the Diſtance from the ſaid third Place to each 
of the other two Places. | 


Examp. 1. Coaſting along the Shore I ſaw a Cape of Land which bore 
from meNNE, then I ſtood away WIN 15 Miles, and the ſame Cape 
bore from me NEE; I would know the Diſtance of the Ship at both 
Stations from the Cape. 

Conſtruction. 1. Having drawn the Compaſs N, E, S, W; let A repreſent 
the Place of the Ship in her firſt Station, from whence through the NNE 
Point draw the indefinite right Line AC, alſo draw the WN Line AB 
=15 Miles; then will B repreſent the Place of the Ship in her ſecond 
Station, 

2. From B draw the Line BC parallel to the NEE till it meets 
AC in C; then will C repreſent the Cape of Land, A C the Diſtance f 
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Sect. 4 Of Computing Diſtances, &c. 


the Ship from the Cape in her firſt Station, and BC the Diſtance in her 
ſecond Station. To find which by Calculation, | 

In the AAB C are given the Side A B = r5 Miles, the C BAC = 
10115 (=9 Points, the Diſtance between the NNE Line A C a:d the 
WIN Line AB) the £ B = 45 oo), (= 4 Points, the Diſtance between 
the ES Line BA and the NEE Line B C) the . C = zz 45/, (the 
Supplement of the other two to 1800, or the Diſtance between the SWW 
Line CB and the SS W Line C A;) whence, firſt to find the Diſtance 
AC, it will be by Caſe 8. of Trigonometry. 


S. C: AB::S.B: AC; that is, 


- As the Sine of the EC= 33 457 9.744739 
To the Diſtance ſailed A B = 15 Miles; 1.176091 
So is the Sine of the B = 45 od 9.849485 
To the Side A C, the Diſtance 11.025576 
between the Ship and the >= I 9.097, ———— 

Cape in her firſt Station. 1.280837 

21. To find BC the Diſtance of the Ship in her ſecond Station from the 
Cape, it will be by the ſame Caſe of Trigonometry, : 
SC:SA:: AB: BC; that is, 
As the Sine of the . C 33 45/ 8.255261 Arith. Co. 
Is to the Sine of the £ A=101*15' (its Sup. 7845) 9.991574 
So is the Diſtance run A B = 15 Miles 1.176091 


— p . 


To the Diſtance required B C = 26.48 Miles 1.422926 


This Solution will ſerve for many other Queſtions dreſſed in different 
Terms; of which the following ones are a Specimen. 


Examp. 2. Being at Sea I ſaw two Head-lands, whoſe Bearing from one 
another I find by the Chart to be WI N and ES Diſtance 15 Miles; the 
Northermoſt bore from me S W W and the Southermoſt SS W I 
demand my Diſtance to each of the ſaid Head- lande. 

Anſ. The Diſtance from the Northermoſt Head-land is 26.48 Mites, and 
from the Southermoſt 19.09 Miles. MAT I 

This Example and the firſt are of uſe for finding the Diſtance from a 
Head-land, &c. when a Ship is about to take her Departure from the Land. 

Examp. 3. Two Ships ſer ſail from the ſame Port, one ſails WW N 15 
Miles, the other ſails NNE ſo far until ſhe finds the firſt to bear S WW; 
I demand the Diſtance between the two Ships, and the ſecond Ship's Di- 
ſtance ſailed. 

Anſ. The Diſtance between the two Ships is 26.48 Miles, and the ſ:co1d 
Ship's Diſtance ſailed is 19.09 1 1 
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ExamPp. 4. There are three Hands in ſight of each other, a Ship at A 
finds C to bear NNE, then failing W#N x5 Miles to B, C bears NEbE; 
I demand the Diſtance from A to C, and from B to C. ite x) 

Anſ. The Diſtance from A to C is 19:09 Miles, and from B to C is 
26.48 Miles. 8 F | | | 

Examp. 5. There are two Ports that lie NNE and 88 W, a Ship from 
the Southermoſt fails WI N 15 Miles, another from the Northermoſt fails 
SWW until the meets the firſt Ship; I would know the Diſtance be- 
tween theſe two Ports, and the ſecond Ship's Diftauce ſailed. © 

Anſ. The Diſtance between the two Ports is 19.09 Miles, and the Di- 
ſtance ſailed by the ſecond Ship is 26.48 Miles. 

Examp. 6. A Ship under fail diſcovers a dangerous Shoad, and finds it 
to bear from a Mark on the Shore NNE; then ſailing WIN 15 Miles. 
finds the Mark to bear NEbE; required the Diſtance from the Shoal to 
the ſaid Mark. | 5 

Anſ. The Diſtance between the dangerous S and the Mark on Shore 
is 19.09 Miles. | Bess | "= 

This Example is uſeful for laying down of Racks or Sands, &c. in Sea- 
Charts. 3 

Examp. 7. Admit there are two Ports bearing from each other WIN 
and E b S diſtant 150 Leagues, and that a Ship from the Northermoſt ſteers 
away ſometimes NE E, and ſometimes 8 S W, and then arrives at the 
Southermoſt Port; I demand the Diſtance ſailed upon each of theſe Courſes. 

Anſ. She failed upon the NE E Courſes 264.8 Lengnes, and upon the 
SSW Courſes 190.9 Leagues. | | | 

Examp. 8. Being at A by a River-Side, I would know how far it is to 
C a Steeple on the other Side. In order thereto, I obſerve the Angle con- 
tained between a Mark B on this Side the River, and the Steeple C, to be 
101 15“; then leaving a Mark at A, I meaſure from thence the direct 
Diſtance to B, which I find to be 150 Perches ; then at B, I obſerve the 


contained between the Point A and the Steeple C, to be 45% 007. Now 


in the A A BC, I have given the Side A B, and all the , to find the Side 
A C, which by Calculation 1 find to be 190.9 Perches, the Diſtance required; 
and the Diſtance B C is 264.8 Perches. 

After the ſame manner may the Diſtance from any Place, to any other 
Place within fight, be determined. 


CASE 2. 


The Bearing and Diſtance of two Places from each other, and 
the Diſtance of one of theſe Places, and the Bearing of the 
other from a third Place, being given; to find the Bearing of 
the firſt, and the Diſtance of the ſecond, from the third Place. 


Examp. 1. Admit two Ships ſail from the ſame Road, one ſails N E EA 
16 Miles, the other ſails 20 Miles, and then finds the firſt. ro bear 
I | NN W; 


Set 4 Of. Computing Diffances, &c: 
NNW; I demand the Diftance between the two Ships, and the Courſe 
which the ſecond ſteered. | 


Conſtruftion. 1. Having drawn the Compaſs E, N, W. S let A be the Fg. 2. 
Place the Ships departed from, and draw the NE E Line AB=16 


Miles. T | 1 

2. From B draw the right Line B C parallel to the 8 S E, then with 20 
Miles betwixt the Compaſſes, ſetting one Foot in A, with the other croſs 
the Line BC as in C, and join AC; then is the L BAC the Courſe 
which the ſecond Ship ſteered, and the Side BC the Diſtance between the 
two Ships. To find which by Cakulation; in the A ABC are given the 
Side AB = 16 Miles, the Si AC = 20 Miles, and the Z ABC = 73? 
07/4 (= 6 Points, the Diftance between the SW + W Line B A and the 
SSE Line BC;) whence to find the £ C, it will be by Caſe 9. of Trigo- 
nometry. | ES: | 


| AC: AB:: S. B: S. C; chat is, 
"As the Side A C 20 m. 5 8.698970 


To the Side AB 16 m. „ 1.2041 20 
So the Sine of the B 73 07/5 9.980885 
To the Sine of the £ C 49% 57. 9.883975 


Which being counted from the NN W to the lefe-hand or WV, (be- 


cauſe C A is to the left-hand of C B) gives the Bearing of CA, N 7227 


Wu; whence, the Courſe ſteered by the ſecond Ship is S 725 27 E or 
ESE E nearly. | | 

2, To find the Side BC the Diſtance between the two Ships, it will 
be by Caſe 10. of Trigonom. PLES: | 


8. B: S. A:: AC: BC; that is, 


Z B = 73 075% As the Sine of the LB 73* 07/7 0.019115 

4 C = 49 57 Is to the Sine of the . A 56® 55/4 9.923222 
123 04% So is the Side AC 20 m. 1.301030 

2 A= 56.554 To the Diſt, required CB 15.51 m. 1.243367 


This Solution will give Anſwers to the ſeveral Queſtions following. 


Examp. 2. Suppoſe two Ports lie NNW and 88 E, and a Ship from 
the Northermoſt fails SW + W 160 Miles, and another from the Souther- 
' moſt ſails 200 Miles, and then meets the firſt Ship; I would know the 

Courſe ſteered by the laſt, and the Diſtance of the Ports. | 

Anſ. The laſt Ship ſteered N z 27! WY, or WN W £W near'y; and 
the Diſtance of the Ports is 175.1 Miles. 

Examp. 3. A Ship under fail deſcries an Head- land diſtant from her 20 
Miles, and after ſhe had failed NE + E 16 Miles, the ſame Head-land bore 
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from her 8 8 E. How did the Head-land bear from the Ship at firſt, and 
what is her preſent Diſtance from it? | 
Anſ. The Head-land at firſt bore 8 72* 27 EM, and now it is diſtant from 
the Ship 17.51 Miles. : 7 f 5 
Examp. 4. Being at Sea the Wind at NE N, I ſaw a ad- land bear- 
ing NE E diſtant 16 Miles; then I ſtood away between the South and 
the Eaſt 20 Miles, and then the ſame Head- laud bore from me NNW; 
I demand the true Courſe. 
Anſ. The true Courſe is S 72* 27 E or ESE E nearly. 
Hence, knowing how. near the Wind the Ship can lie, her Leeway or 
Drift may be found; for admitting ſhe failed E S by the Compaſs, or 
within 5 + Points of the Wind, then in this Caſe ſhe has made one Paint 
Leeway. 


Examp. 5. Admit there are two Ports bearing NE E and S WIT W 


diſtant 16 Miles, and a Ship from the Northermoſt fails SS E, and then 


ſailing 20 Miles farther, arrives at the Southermoſt Port; I would know 
the firſt Diſtance ſailed, and Courſe to the ſecond Port. 

Anſ. The firſt Diſtance ſailed is 17.51 Miles, and her ſecond Courſe. 
N 72* 27 WY! or WNW W nearly. 

Either of the Examples of the two preceding Caſes might have been ſo. 
propoſed, as to have been ambiguous, and admitted of two Anſwers, as 
appears by the 9 and r0® Caſes of Trigonometry ; where is ſhewed at large 


When ſuch Ambiguities may happen, together with the Solution of the 


double Anſwers. 


CASE 3. 
The Bearings and Diſtances of any two Places from a third 


Place, being given; to find the Bearing of the ſaid Places, 
and their Diltance from each other, 


This Caſe is the ſame with Caſe 11. of Trigonometry, where two Sides 
and the E included, are given; to find the reſt. ä 


Examp. 1. Admit two Ships ſet ſail from the ſame Port, one whereof 
fails NW 3o Miles, the other fails NE 6N 40 Miles; I demand their 
Bearing and Diſtance from each other. 

Conſtruction. Having drawn the Compaſs N, E, S, W; let B be the Place 
from whence the Ships departed ; then draw the NW Line BC = 30 
Miles, alſo the NE N Line BD = 40 Miles, and join the Points C and 
D: then will CN be the mutual Diſtance of the Ships, and the Z C 
the Bearing from the 8 E Line CB. 

To find which by Calculation; in the AB CD are given the Side BC 
=3o Miles, the Side B D=4o Miles, and the Z B=78? 45”, (=7 Points, 
the Quantity between the N W and NEH N;) whence to find the C C. 
it will be by Caſe 11. of Trigonometry. 
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180 oo! As the Sum of the Sides B C and CD=70 8.154902 
4 B 78 45 Is to their Difference = T0 I. 
101 15 Sois the Tang. of  Z £* B+D=50* 37+ 0.085827 


+Z2*C+D Je 3745 Tothe Tang,of + their Diff. = e 5 9.240729 


Which added to 50˙ 37's gives the £ C = 6 30 Bd; whence 
the Bearing of the Ship at D from the Ship at C is N. 74* 300 EY, or EN 
4 157 N?, and conſequently the Bearing of C from D is S. 74 30 WY, 
- WS 4* 15 SY. Whence, to find the mutual Diſtance C D, it will 

a | 


As the Sine of the £ C 60* 30 / 0.060303 
Ito the Sine of the E B 78* 45” 9.991574 | 
So is the Side B D 40 1. 602060 ; 


To the mutual Diſtance C D==45.07 m. 1.653937 


This Solution will likewiſe give Anſwers to the ſeveral Queſtions fot-- 
owing. 

Examp. 2. There are two Hands D and C, a Ship from the Norther- 
moſt ſails S WS 40 Miles, another from the Southermoſt ſails SE 30 
Miles, and then meets the former; I demand the Bearing and Diſtance 
between the two lands. | 

Anſ. The Mands bear from each other 8 74 300 W, and N 74 300 E.; 
Diſtance 45.07 Miles. | 

. 3. Coaſting along the Shore I-ſee two Head-lands, the firſt bears 
from me NW, Diſtance by Eftimation 10 Leagues, or 30 Miles, the 
other bears NE 5 N Diftance 40 Miles; I would know the Bearing and 
Diftance between the two Head-lands. 

Anſ The Bearing between the two Head-lands is N 74* 30 E, and 
S 74 300 W; Diſtance 45.07 Miles. 

Examp. 4. Coaſting along the Shore I ſaw a Cape of Land bearing from 
me N W, Diſtance about 10 Leagues or 30 Miles, then I ſtood away 
NEN 40 Miles; I deſire to know how the Cape bears from me then, 
and how far I am from it. D | 

Anſ. The Cape bears from me 8 74 30 W or WES 4* 15/ SY Di- 
ſtance 45.07 Miles. 

Examp. 5. A Ship from a certain Port ſails SE 3o Leagues, then NE4N 
40 Leagues; I demand the direct Courſe and Diſtance from the Port. 

Anſ. The direct Courſe is N 74* 300 E, or the Port bears 8 74* 300 W;. 
Diſtance 45.07 Leagues, | 
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The mutual Diſtances of three Places from each other, and © 
alſo the Bearing between any two of them, being given; to 
find the ſeveral Bearings of theſe tuo from the third Place. 


This Caſe is the ſame with Caſe 12. of Trigonom. where the 
three Sides of a Triangle are given to find the Angles. 


Examp. 1. Admit there are two Ports lying E6N and WIS diſtant 
400 Miles; a Ship from the Eaſtermoſt ſails NV 450.7 Miles, another 
from rhe Weſtermoſt ſails 300 Miles, and then meets the firſt; I de- 
mand the Courſes ſteered by theſe two Ships. | 

Conſtruction. 1. Having drawn the Compaſs N, E, S, W; let B repreſent 
the Weſtermoſt Port, and draw the EVN Line BD = 400 Miles; then 
will D be the Eaſtermoſt Port. 67> > 

2. With 300 m. betwixt the Compaſſes, ſetting one Foot in B, with the 


other deſcribe an Arch ſomewhere above the Line BD, as at C; then 


taking 450.7 m. betwixt the Compaſles, ſetting one Foot in D, with the 
other interſect the former Arch in C, and join BC and DC: then is 
the Z D the Quantity from the W which the firſt Ship ſteered, and 


the £ B the Courſe from the E N which the ſecond Ship ſteered. To 
find which by Calculation, it will be by Caſe 12. of Trigomomerry. © 


D C=450.7 As tb Baſe B D=400 J.397940 
B C=300 To the Sum of the 2 Sides DC & BC=750.7 2.875466 
D C4+BC==750.7 &i their Difference =150.7  —- 2.178113 


— — — 


DC—BC=150.7; To Da = 282.8 on 2.451519 


Which ſubſtracted from BD leaves a B==117.2, the half whereof is 
* 58.5; then, to find the Courſe which the firft Ship ſteered, it 
will be, | 


8 8 As the Hypothenuſe D C = 450.7 2.653888 
a A= 58.6 Is to the Side D A = 341.4 | 2.533263 
1 So ts the Radius | 10. 
DA=341.4 — 

| To the C- Sine of the E D = 40® 45/ 9.879375 


Which being counted from 5 towards the right hand, gives the 
aer of dc DC) N 60% zo WV, the Courſe which the firſt Ship 
Keered. | 


'To 
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To find the Conſe which the ſecond Ship fieered, it will be, 
BC: BA:: R: CS. B; that is, 


A. the Hypothenuſe B C= 300 8 2.477121 
I to the Side B A 58.6 1.767898 
So is the Radius ER. „ | 
To the Co-Sine of the C B 78* 4 9.290777 


Which being counted from the E N towards the left-hand, it ſhews - 
that the ſecond Ship ſteered due North. | gt 


This Solution will give Anſwers to the following Queſtions, being of the 
_ Nature with the preceding Example, only expreſſed in different 
erms. w : | | 
Exump. 2. A Ship from a certain Port ſails E N 40 Leagues, then be- 
eween the North and the Weſt 45.07 Leagues, and from thence ſhe is 
drove back to the Port from whence ſhe departed 30 Leagues; I demand 
the ſecond Courlſe ſteered, and her laſt Courſe back to the Port. ns 
Anſ. The ſecond Courſe ſteered is N 60% 3o/ Eu, and her laſt Courſe to 
the Port 1s direGly South, | 8 : 5 
Examp. 3. There are two Ports that lie North and South diſtant 300 
Miles, a Ship from the Southermoſt Port, cloſe hauled upon the Wind at 
Nb E, with her Larboard-Tacrks on Board, making one or more Trips, 
ſails 400 Miles; then failing 450.7 Miles with her Sarboard-Tacks on Board, 
ſhe arrives at the Northermoſt Port; I demand the Courſe upon each 
Tack, and how near the Wind ſhe made her way good. 133% 
Anſ. "The Courſe upon the Larboard-Tack is Eb N, and conſequently ſhe 
has made her Courſe good upon this Tack within 6 Points of the Wind ; 
and her Courſe upon the Starboard-Tack is N GO 30 Wu, and conſe- 
quently upon this Tack ſhe has made her way good within 71* 45/ or 6 + 
Points 4*+ of the Wind. CITE) | 
Hence, knowing how near the Wind a Ship can lie or bear up her 
Head, or, which is all one, knowing the Courſe given by the Compaſs, we 
may find the Ship's Drift or Leeway ; for admitting in the Example above, 
that ſhe bore up her Head within 5 + Points of the Wind, it is evident, 
that upon the firſt Tack ſhe made juſt + Point Leeway, and upon the ſecond: 
Tack her Drift or Leeway was 9® 52/5, or almoſt 1 Point. 
Examp. 4. Admit there are two Ports lying exactly under the Meridian, 
differing in Latitude 5 Degrees, and that there is an Iſland to the Eaſt- 
ward of theſe Ports, diſtant from the Northermoſt 450.7 Miles, . and- 
from the Southermoſt 400 Miles ; I demand the Courſe from both Ports 
to the and, ax 
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Anſ. The Courſe from the Northermoſt Port to the [land is 8 CO 30. 
Eu, and from the Southermoſt Port the Courſe is E 6 N. 


CASE 5. 


The Bearings of two or more Places from two different Sta- 
tions, as alſo the Bearing and Diftance of the ſaid Stations 
from each other, being given; to find the Bearing and Di- 
ſtance of the ſaid Places from each other. | 


This Caſè is only a Compound of the 1 and 3*Cafe aforegoing. 


Examp. 1. Coaſting along Shore I ſaw two Head-lands, the firſt bore 
from me NE, and the ſecond EN; and after I had ſailed ES 10 
Miles, the.firſt bore from me NbE, and the ſecond NEN; I demand 
the mutual Bearings and Diſtance of the two Head-lands. 

Conftruftion. 1. Having drawn the Compaſs N, E, S, W; let A repre- 
ſent the Place of the Ship, from whence draw the NE Line AC, the 
ENE Line AD, and the EU S Line A B=10o Miles: then will B be the 
Ship's ſecond Station. | | 

2. From B draw the Line BC parallel to the N 5 E, where this in- 
terſects the NE Line as in C, gives the firſt Head-land. \ 

3. Alfo, from B draw the Line B D, parallel to the NE N, where 
this interſects the E NE Line as in D, gives the ſecond Head- land. 

4. Join the Points C and D, then will C D be the mutual Diſtance be- 
tween both Head-lands, and the CA CD their Bearing from the N E Line. 
To find which by Calculation; 
Firſt, you muſt find the Diſtance of both Head - lands from the Ship, ei- 
ther at firſt or laſt ſetting their Bearings; for the obtaining of which, 

1. In the AA B C are given the £ C A B=56® 15 (=5 Points, the Di- 
ſtance between the NE and the E b S;) the £ A BC=90? oo (=8 Points, 
the Diſtance between the NE and WbN) and the Side A B= Miles; 
whence, to find the Diſtance A C, it will be, 


As the Sine of the £ A C B==33® 45' 9.744739 


Is to the Sine of the L B A C=90*® oo 10. 
So is the Side AB 10 1. 


To the Side AC 18 1.2 55261 
Or the Diſtance between the Ship in her firſt Station, from the firſt 


Head-land. 


2. Again, in the & AB D are given the Z B AD=33* 45 (=3 Points 
the Diſtance between the ENE and the ECS) the £ B=112* N. (=10 


Points, 
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Points, the Diſtance between the W N and the N E M the ZE DS; 45! 
(=3 Points, the Supplement of the other two Z“, or equal to the Diſtance 
between the WS Wand the SW 65S) and the Diſtance AB=10 Miles; 


whence to find the Diſtance A D between the Ship in her firſt Station, and 
the ſecond Head-land, it will be, 


As the Sine of the C. D=33* 45 9.7 44739 
Is to the Side A BSO Miles; ata 

So is the Sine of £ B=1 12% 30' (its Sup. 67 00 9.965615 
To the Side A D 16.63 Miles | 1.220876 


After the ſame manner may the Diſtances from the ſecond Station of the 
Ship, to each of the Head-lands, be found, if required: but in this Examp. 
5 happens, that the Side BD is = BA, becauſe BAD is an Iſoſceles 

riangle. 

5 To the AACD are given the Side AC 18 Miles, the Side A D 
=16.63 Miles, and the contained £ A=22* 307 (= 2 Points, the Diſtance 
between the NE and the EN E;) whence to find the oppoſite C, it 
will be by Caſe 11. of Trigonometry. | 


AC=18 As the Sum of the Legs 34.63 1.539452 
A D= 16.63 Is to their Difference 1.37 | 0.1 36721 
Sum 34-63 So is the Tang. of 2 Sum opp. C 78* 435' 10.701338 
Diff. 1. 37 8070 
10.83 8059 


The L A = 22 300 4.08 10.838059 

Sum opp. {.* 157 39 To the Tang. of + their Diff. 11* 15 9.298607 
+ Sum 78 45 

Which ſubſtracted from the + Sum 78 45/, gives 67 3o/ the C ACD, 


whence the ſecond Head-land bears from the firſt SS E, and conſequently 
the firſt bears from the ſecond NNW: Now to find their mutual Di- 


ſtance, it will be, | 


As the Sine of the {. CS 867 300 6.034385 
I to the Sine of the C A==22*® 300 9.582840 
So is the Side A D=16.63 1.220876 


To the Side AD the Diſt. required =6.89m. 0.83 8101 


Or, becauſe the AADC happens to be a 53s, the Propor- 


tion might have been made, viz. R: T. A:: AD: 


"This Solution will give the Diſtances required in the following Example, 
and alſo the Bearing of the firſt and ſecond Ship; and their Latitudes may be 
found by Caſe 1. of Sect. 1. of this 3 
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Examp. 2. Three Ships ſet ſail from a certain Port in the Latitude of 
4630, the firſt ſailed N E, the ſecond EN E, and the third ſailed 
ES 10 Miles ; then the firſt Ship bore from the third Nb E, and the 
ſecond Ship bore from the third NE 4N ; I demand the firſt and ſecond 
Ship's Diſtance ſailed, the Latitude they are arrived into, and their Bearing 
and Diſtance from each other. | 3 

Anſ. The firſt Ship failed 18 Miles, the ſecond Ship ſailed 16.63 Miles, 
their Bearing is NNW and SSE diſtant 6.89 Miles; the Lat. of the 
firſt Ship is 40 43“ N, and of the ſecond Ship is 40* 3670 NW. 

He that underſtands the Solution of the two preceding Examples, will eafily 
ſolve the following. | 

Examp. 3. Admit there are three Hands ſituated as followeth ; viz. A 
in the Latitude of 40* 457 N; B bears from A ES 4o Miles, C in the 
NE Quarter diſtant from A 72 Miles, and D in the ſame Quarter 66.5 2 
Miles; C bears from BN E, and D from CSS E: I demand the Bear- 
ing, of C and D from A, and likewiſe of B and D from each other, as 
allo the ſeveral Latitudes of B, C, and D. F Ann 

Anſ. The Bearing of C from A is NE, and of D from A is EN E, 
of B and D from each other is NE bN and SW 8, the Lat. of B is 
40? 37 N, of C4136 N, and of D 41 10 N. 

If the Point B ſhould happen to be between the Lines AC, AD, you 
may find the Bearing and Diſtance of CD with the ſame eaſe; for in the 
BAC, BA D, there will be given the Side A B in both, and all the 
S, to find the Sides A C and A D, (or BC and BD;) which being found, 
you have in the A CAD (or BCD) two Sides and the C included, to find 
the remaining C and the Side CD, as before. And if B had been the firſt 
Station, and A the ſecond, the Caſe would have been directly the ſame. 

N. B. The ſecond Station muſt not be in either of the Lines A Cor AD, 
for then the Side CD, ©c. cannot be determined. | 

Examp. 4. A Ship at A at her Entrance into a Bay, C, D, E, F, &c. 
obſerved the Bearings of the ſeveral Points or Corners C, D, E, F, Cc. to 
be as followeth ; viz. C WIS, D WNWW, E NW4W, F N WNW, 
G Nb WW, H NIE, I NEN, K NEC EE, L EbS+S; and after 
ſhe had ſteered away N W 1 + Mile unto B, the Point C bore S WW, 
D WIS, E WNW, F NW#4N, G NZE,H NEZE,I ELN, K E G8, 
and L ES EE; I demand the Bearings and Diſtances of the ſeveral 
Points C and D, D and E, E and F, &c. from each other. 

This Example is conſtructed, and the ſeveral Requilites calculated juſt 
after the ſame manner with Example 1. of this Caſe ; for, having choſe 
ſome convenient Point A for the Ship's Place at firſt, draw a North and 
South Line A N, and lay therefrom the ſeveral Bearings of the Points 
C, D, E, F, Cc. (either by the Protractor or a Line of Chords) and draw the 
Viſual Lines AC, AD, AE, Cc. then draw the NW Line A B==1 = 
Mile, and having drawn the Meridian B N parallel to the former A N, 
lay the Center of the Protractor fo to the Point B, that the North Point 


I thereof 
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thereof may cut the Line BN ; then by the Limb thereof prick the ſeveral 
Bearings of the Points C, D, E, F, Cc. from B, and draw the Lines B C, 
B D, BE, Oc. until they interſect their correſpondent Lines A C, A D, 
AE, &c. and jon CD, D E, EF, FG, Cc. then is the, Figure 
C, D, E, F, G, H, I, K, L the Bay; and the Sides CD, DE, EF, Cc. 
the ſeveral Diſtances required, and the 4. ACD, A DE, c. the Bear- 
ings from the Lines A C, A D, Cc. To find which by Calculation; 

In the ſeveral * ABC, AB D, ABE, Cc. there are given the Side 
AB, and all the C, to find the Sides AC, A D, AE, AF, Cc. which 
being found; then in the ſeveral A CA D, DA E, E AF, Cc. will be 
given two Sides and the £ included at A, to find the remaining C, and the 
other Side: Now the £* A CD, A DE, Oc. being obtained, you may 
find the Bearings of the ſeveral Lines C D, DE, &c. by conſidering how 
much theſe C lie from the Lines CA, DA, Cc. whoſe Bearings are al- 
ready found. | Th 
But in Examples of this kind (which are very uſeful for deſcribing of 
Bays, 8c.) a Geometrical Conſtruction is ſufficient without any Arithmetical 
Calculation. | | | 


1 ſhall next ſhew how the Diſtances of Places may be eſtimated 
by Sound and Lightning. 

From ſome Experiments that have been made, it has been determined, 
that Sound travels at the rate of 1142 Feet in one Second of Lime; which be- 
ing granted, and becauſe the Motion of Light is in a manner Inſtantaneous; 
(it moving at leaſt at the rate of 10000 Miles in a Second of Time) it fol- 
lows, that if the Difference between the time an Exploſſon is ſirſt ſeen, and 
the time that the Sound of it reaches the Ear, be given; the Diſtance be- 
twixt the Place where the Exploſion was made, and the Station of the Ob- 
ſerver, may be eaſily found, as ſolloweth: 

An Engliſh Mile contains 5280 Feet, and conſequently Sound requires 
4.623 Seconds to travel 1 Mile : And a Geographical Mile (according to 
Mr. Norwood's Experiment) contains 6120 Engliſh Feet ; wherefore, 5 280 : 
6120 :: 4.623 Seconds: 5.358 Seconds ; the time that Sound requires to 


travel over a Geographical Mile. And conſequently, as 1, is to 4 +4; 


3 358; 
ſo is any given Diſtance in 4662.3 Miles, To the time that Sound requires 


10 travel over that Diſtance. On the contrary, as 4 #923 F i 10.1.5 $ 5s 
the number of Seconds between the time a Sound is generated, and the time it ar- 


rives at any Place, To the Diſtance betwixt theſe two Places in 4 la 9 
Miles. : 


Examp. 1. Being at Sea, I counted 40 Seconds between the time that I 


ſaw the Flaſh of a Gun, and wy the Report; I demand the Diſtance. v5 
2 
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If 40 Seconds be divided by 5.358, the Goin 7.46 will be the Di- 
ſtance in Geographical Miles required ; Or, if the ſame number of Seconds 
be divided by 4.623, the Quotient 8.65 will be the Diftance in Engliſh 
Miles: ſo that the Gun when it was fired was 7.46 Geographical Miles, 
or 8.65 Engliſh Miles diſtant from the Obſerver. 

Examp. 2. Admit I counted 70 Seconds between the time I ſaw a Flaſh 
of Lightning, and heard the next Clap of Thunder immediately following it ; 
I demand how far off was the Thunder. 

Anſ. 15.14 Engliſh Miles. 

The beſt way for meaſuring a ſmall quantity of Time, is by a Clock 
having a ſecond Hand or Index; or rather by ſuch a Watch, made alſo to 
ſtop at pleaſure. But for want of ſuch Apparatus, you may take a String 
or Wire of 39.2 Inches long, and having faſtened a Plummet at one end 
of it, hang the other end upon a Nail or Peg ; then giving it a ſmall 
ſwing, the number of Vibrations (if the deſcribing Arches are. very ſmall) 
will give the number of Second of Time elapſed during the Experiment: 
Or, if you take a String of 9.8 Inches long, and prepare it as before, the 
number of Vibrations will be ſo many 2 Seconds of Time. 

It is generally found, that the number of Pulſations of the Artery in a 
Man of good Habit of Body, is about 75 in a Minute; this being ſup- 
poſed, it follows, that Sound travels at the rate of 1 12 

4 Y * Engliſh 
Mile in 2 Pulſations. Wherefore, if the number of Pulſations be- 
tween the time a Man ſees an Explofion and hears the Report, be divided by 


3 the Quotient will give the number of LE 7 Miles of Di- 


j 


ft ance, near ly. 


SECT. 


OF Currents, &c. 


. 
Of Computing the true Courſe and Diſtance ſailed in Currents ; 


Of ore their Direction and Velocity: Of Turning to Mind. 
ward. 


Y Currenys are here. meant certain Streams in the Sea, which force 
Ships ſailing therein to alter either their Direction or Velocity, or 
both; and ſo form a Curſe compounded of the Ship's Motion and that of 
the Current: Whence it appears, 


1. If the Current ſets with the Courſe: of the Chip, her. Vela 


city will be increaſed. juſt ſo. much as is the Drift of the Cur- 
maT. - 


the Yelocities of the Ship and the Current, will be the true Mo- 
tion of the Ship, the ſame way that the Velocity is greateſt; that 


is, if the Velocity of the 4 ns 7 be the greateſt, the Ship 


Current 
| i 4 juſt ſo much as is the Difference of the Cur- 
rents and Ship's Velocity: And if their. Velacities ſhould be 
equal, the Shzp.ſtands till; for ſo much as ſhe is drove. forwards 
by the Vina, ſhe is forced back by the Current. | 

3. If the Current thwarts the Courſe of the Ship, it not only 
leſſens or augments her Velocity, but gives her a new Direction, 
compounded of the Courſe ſhe ſteers, and the Setting of the Gur- 
rent; as by the following 


L EMMA: 


2. If a Current ſets directly againſt the Ship, the Difference of 


25 


If a Body be agitated by two Motions at the ſame time, the one with pj,;. 8. 
a certain Velocity that will carry it according to the Direction of the Fig. 8. 


Line AB, the Length A B, in a given ſpace of time; the other accord- 
ing to the Direction of the Line A C, with a Velocity that will carry it 
the Diſtance A C in the ſame time; the Body thus agitated will move 
-- yg. AD, and at the end of that time will be found in the 
2oint D. | 


© PROB. 
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1011. 


The Courſe and Diſtance run by a Ship in any given Space of 
Time, and the Direction and Setting of the Current in the 
ſame time, being given; to find the Ships true Courſe and 
Diſtance made good in that time. 


CASE 1. 


When the Courſe of the $h oy and Setting of the Current, are the 
ſame way, the Sum. of 4 eir Pelocities 1g the Diſtance run. 


Examp. If a Ship ſails N E 30 Miles in 6 uns in a current that ſets 


NE, at the rate of 2 * Miles an hour; the Ship s true Courſe in tins Caſe 


is NE, and her Diſtance ſailed 45 Miles. 


CASE 2. 
] hen the Current ſets en againſt the Head of the Ship. | 


Examp. 1. if a Ship fails NN E 20 Miles in 4 Hours, in a Current that 
ſets SSW, at the us of 2 Miles an hour ; the Ship's true Courſe will be 
NNE, Diſtance ſailed 12 Miles. 


Examp. 2. If a Ship fails N NW, at the rate of 4 Miles an hour, in a 
Current . ſets 8 $ W, ar the rate of 4 Miles an hour; It is evident 
in this Caſe, that the Ship makes no way, but ſtands ftill; for ſo much as 
ſhe is forced forward by the Wind, ſhe 1s driven backward by the Current. 


Examp. 3. Admit a Ship fails SW 6 Hours, at the rate of 4 Miles an 
hour, in a Current that — N E, at the rate of 6 Miles an hour; it is 


evident in this Caſe the Ship falls a Stern, and her true Courſe is N oY 


the rate of 2 Miles an hour, or 12 Miles in 6 Hours, 


CASE 3. 


When the Current thwarts the Ship Motion; to find the Courſe 
and Diſtance made good. 


Examp. 1. Admit a Ship fails NE E 360 Miles in 3 Days, and a Cur- 
rent is found to ſet Sb W. at the rate of 2 Miles an hour; and it be re- 


quired to find the Ship's true Courſe and Diſtance failed | in that time. 


. Con- 
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conſtruction. 1. Having drawn the Compaſs N, E, 8, W; let A repreſent Eig. 9. 
the Place the Ship ſailed from, and draw the NE bE Line A C= 360 
Miles, (then will C repreſent the Place the Ship caped at.) 

2. From C draw CB parallel to the SW Line = 144 Miles, (the 
Drift of the Current in 3 Days, or 72 Hours;) then, will B be the Place 
of the Ship, AB her true Diſtance failed, and the NAB the true 
Courſez' to find which by Calculation, r AI 

In the AABC are given AC==360 Miles, C B=r44 Miles, and the 
LACB =45* oo ( = 4 Points, the Diſtance between the NE and the 
N EZE ;). whence to find the £ at A, it will be by Caſe. 11. of Trigonometry.. 


AC 360 KC. 45 oo 5 51 


BC =. 144+ 135.00 - 
ACTBC504 4+ Z op. C 67 30 
AC—BC216 


he nem thy” 20 As the Suni of the Sides A C and BC 504 75.2 97570 ; 
Ak 32 Soisthe Tang. of Sum e. A & B==67* 30/ 10.382776 


NAC 8 56 I5 To the Tang. of *- their Diff.=45* 7:16 10.014800 ; 
NAB=77 47 1 


Hence, the Ship's true Courſe is N 77 47” Eu, or EH N nearly. Next, 
to find the direct Diſtance ſailed, it will be by Caſe 8. of Trigonom. 


As the Sine of the EA 21327 68435284 
Is to the Drift of the Current BC = 144 2.158362 

So is the Sine of the K,. C45 O 9.849485 
To the Diſtance run = 277.4 Miles ; 2.443131 


The Example above might have been thus expreſſed © 
A Ship fails NE E 360 Miles, in a Current that ſets S9 W 144 Miles 
in the fame time; what is the true Courſe and Diftance ſailed? Or 

thus ; 


A Ship fails N EEE 360 Miles, in a Current that ſets 85 W, at the 


rate of 2 Miles in the time the Ship fails 5 Miles; what is the true Courſe, 
Oc. 


Examp. 2. If a Ship from the Latitude of 46 3o/ N, fails NN E 40 
Miles in 7 Hours, then NE & E zo Miles in 6 Hours, in a Current that 


ſets S E, at the rate of 2.5 per hour: I deſire to know the direct Courſe and 
Diſtance made good, as alſo the Latitude the Ship is in. 

Conſtruction. 1. Having drawn the Compaſs N, E, 8, W; let A repre- 
ſent the Place the Ship ſailed from, and draw the NNE Line AB =40 Fig. 10. 


Miles, alſo draw BC parallel to the NE Line = 17 + Miles, (the Cur- 
rent's Drift in 7 Hours.) 


2, From 
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3. From C draw CD parallel to the NEE Line == 3o Miles, and 


DG parallel to the N E Line = 15 Miles, (equal to the Drift of the 


Current in 6 Hours,) and draw the Line A G ; then will G repreſent the 


Place of the Ship at the end of her 'Traverſe, A G the direct Diſtance 


ſailed, and the  N A G the true Courſe from the Meridian. 

In this Example, the true Courſe and Diftance anſwering to each Courſe 
ſteered, may be found as in the laſt Example ; and thence-the direct Courſe 
and Diſtance made good. But the cafieſt and readieft way is to con- 
fider it as a Traverſe of four Courſes; and then finding the Difference of 
Latitude, and the Departure to each Courſe, and thence the Latitude the 
Ship is in, after the manner taught in Seb. 3. of this Chapter, Or, the 
two Settings of the Current may be added together, and then it may be 
conſidered as a Traverſe of three Courſes. 

See the Operation both ways, as follows : 


Hence, the Latitude the Ship is in (becauſe ſhe ſailed from a North La- 
titude Northerly) is 47* 00.7 N, and the direct Courſe and Diſtance will 
be found by Caſe 4. of Se. 1. of this Chapter, to be, viz. Courſe N 64® 04/ 
E', Diſtance 70.2 Miles. hip 

After the ſame manner may the direct Courſe and Diſtance, the Latitude 


the Ship is in, (and thence her Difference of Longitude if required) be foun 
after ſhe has ran any number of Courſes in a Current. required) d, 


How to compute the Diſtance from the Land, when a Ship is 
About taking her Departure, in a Current or Tide's Way. 


Examp. Taking my Departure from the Land, I ſaw a certain Cape 
bearing NNW; then I ftood away ENE 20 Miles in 4 Hours, 
and then the Cape bore from me W 6 N. but there was a Current all the 


while. 


Sect. 5. / Currents, &c. 
while under Foot, ſetting Nh E, at the rate of 2 Miles an hour; I demand 
the Ship's true Courſe an Diſtance failed, as alſo her Diſtance from the Cape. 
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Conſtruftion. 1. Having draw the Compaſs N, E, S, W; let A be the Fg. 11. 


firſt Station of the Ship, from whence ge the EN E Line AB = 20 
Miles; from B draw B D parallel to the N“ E=8 Miles, (the Current's 
Drift in 4 Hours) and join AD; then is AD the true Di Raney filed, 
and the £ NAD the Ns Courſe. 
2. Draw the NNW Line AC, and likewiſe DC parallel to the WIN, 
land, continue until they interſect each other in E's 5 then is C 25 Head- 
a 


— 


To find the ſeveral Requiſites by Calculation. 


1. In the a ABD are given the Side AB = 20 Miles, the Side B== 8 
Miles, and the £ ABD= 123* 45/, (= 11 Points, the Diftance between 
the WS W Line BA, and the NbE Line BD; whence, | 1. to find the 
J A, it will be by Caſe I 1. of Trigonom. 


180% 00! As the Sum of the Sides ABandE B D=28 m. 8.552843 
LB = = 123 ? 457 Is to their Difference = = 12 Miles; I 079181 


56 15 
2 Z op. L 28507 To the Tang, of half their Diff==1 2 54% 9.359980 


Hence, the Ship's true Courſe will be found to be N 52 27 Er: And to 
and A D the true Diſtance failed, it will be, 


As the Sine of the C A = 15*® . ä 0.580921 
To the Sine of {.B==123® 45/ (its Sap, =56*15') 9.919846 
So is the Drift of the Current B DS 8 Miles 0.903090 


To the Diſtance required A D =25.34 Miles. 1.403857 


Laſtly, To find DC the Diſtance between the Ship and the Head-land: 


In the A A. DC are given the . C56 15/, (== 5 Points, the Diſtance 
between the SSE Line C A and the E 8 Lins 0 D) the C A = 74* 47, 
(the Diſtance between the NN W and the N 52* 17/ 80 and the Side 
A D (the Diſtance ſailed by the Ship) = 25.34 _ whence to find 
DC, it will be, 


As the Sine of the A C= 5615“ 5.080154 
I to the Side A D= 25.34 m. 1.403857 
So is the Sine of the A 74 47 9:984500 


To the Side required C D- 29.41 Miles 1.4685 11 


8 | Cas 


So the T. 2 the Sum FAC DAονν 9.727957 
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CASE 5. 


To hit a Port, or double a Cape in a Current or Tide's Way : Or, 
the Setting and Drift of the Current, the Rate of the Ship's 
Sailing, and the Bearing and Diſtance of any Place from the 
Ship, being given; to Fad how far and upon what Courſe the 
Ship muſt ſail for to hit the ſaid Place. 


Examp. Admit a Ship deſcries a certain Cape bearing NW 6b N, Di- 
ſtance 6 Leagues, and that ſhe is bound to a Port bearing from the ſaid 
Cape E N, Diſtance 50 Miles, and all the way there is a Current under 
foot ſetting NW, at the rate of 2 Miles an hour; the Ship failing 
at the rate of 5 Miles an hour: I demand upon what Courſe, and how 
far the Ship muſt fail to ferch the ſaid Port, 

Conſtruction. 1. Having drawn the Compaſs N, E, 8, W; let A repreſent 
the Place of the Ship, from whence draw the N W4N Line AB= 18 


Miles ; then will B reprefent the Cape. | 
2. From B draw the Line B C parallel to the EN = 50 Miles; then 


will C repreſent the Port the Ship is bound to. 


3. Draw CD parallel to the SE, and make C4 = the Current's 
Drift in any given ſpace of time; then taking the Ship's Drift in the ſame 
time betwixt the Compaſſes, ſet one Foot in d, and turn the other about 
until it interſe&s the Line A C, as in a, and draw the Line AD parallel 
to ad: then will AD be the Diſtazce required, and the C NAD the 
true Courſe from the Meridian. To find which by Calculation; 

1. In the A ABC are given AB = 18 Miles, BC = 50 Miles, and 
the LAB C/ 30 (s Points, the Diſtance betwixt the 8 ES Line 
BA, and the EN Line BC);) to find the Z B A C the Courſe, and the 
Side A C the Diſtance, from the Ship to the Port. 


1. To find the CB A C, it will be, 


18000 As the Sum of the two Sides A B @ B C==68 1.832509 
* a Is to their Difference = 32 1.505 150 
112.30 So is the Tang. of + Sum op. . = 56 15/ 10.175 109 
56? 1577 Z op. £.* | I1.680257 


To the Tang. of % their Diff. Sz z 9.847748 


Hence, the Z A is 91* 24', and conſequently the direct Courſe from the 
Ship to the Port is N 5% 39 E. And for the Diſtance, it will be, 


1 4. 
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4s the Sine of the L A=91* 24“ (its Sup. 88 360 •Sooor30 
To the Sine of the {_ B 67 30 9.965615 
So is the Side BC o m. (the Diſt. from the Cape tothe Port) 1.69897 70. 


To A C the Diſtance from the Ship to the Port=46.21 m. 1.664715 


Again, in the A ad C are given the Z C= 102 39% (the Diſtance be- 
tween the SE Line CD, and the 8 57? 39/9 WY! CA) the Side C d=10 
Miles, (the Current's Drift in 5 Hours, and the Side C a = 25 Miles, the 


Diſtance ran (by the Ship) in the ſame time; whence, to find the / C ad 
(= CAD) it will be, N 15 


As the Side da= . 8 1.397940 
To the Side Cd = 10 m. [DI > 
So is the Sine of La Cd to: 39/ (its Sup. 77* 21/) 9.989328 
To the Sine of the Ca dg 22 58/ 9.591388 


Hence, becauſe the CA D is = Ca d, the Courſe the Ship muſt 
ſteer for to gain the Port is N 80* 37 EY, (NA C57 39 ＋ CAD 
22 58 / = NAD 80% 37.) © 6 

To find A D the Diftance the Ship muſt fail, it will be, 
As the Sine of the £.D-= 54 23 


9.910054 
I to the Sine of the LACD 102? 39/ (its Sup. 77 210 9.989328 
So is the Diſt. betwixt the Ship and the Port A C=46.2 1 m. 1.664715 

| 11.654043 


To A D the Diſt. the Ship muſt ſail to hit the ſaid Port==5 5.46 m. 1.743989 


| CasE 6. 

To find the Bearings and Diſtances of Head-lands, when the Ship 
fails in a known Current: Or, the Bearings of two or more 
Head lands from two different Stations, the Courſe and Di- 
ſtance betwixt theſe two Stations, and alſo the Setting and 


Drift of a Current under foot, being 7 1b fo find the Bear- 
ing and Diſtance of the two Head-lands from each other. 


Examp. Being at Sea, I ſaw two Head- lands, one bearing from me 
NNW, the other N5E; then I ſtood away E NE 20 Miles in 4 Hours, 
and then the firſt bore from me W N, and the ſecond N W bN, there 
was all the while a Current under Foot ſetting N&E, at the rate of 2 


S 2 Miles 
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Miles an hour: I demand the mutual Bearing and Diſtance of the two 
Head-lands, | 


This Caſe is only a Compound of Caſe 3. of this Prob. and 
Caſe 5. of the laſt Section; wherefore, 


1. With the Courſe and Diſtance ſailed, and the Setting and Drift of 
the Current, conſtruct the A AB C by Caſe 3. of this Prob. then will A and 
C be the true Places of the Ship at both Stations, A C the true Diſtance 
failed, (which in Caſe 4. has been determined to be 25.34 Miles) and 
the LN AC the true Courſe made good, (which in the ſame Caſe has 
been alſo determined to be N 52* 170 EM.) | 

2. With the ſeveral Bearings of the two Head-lands from A and C, find 
the Points D and G by Caſe 5. of the laſt Section; then will D and G re- 
preſent the two Head-lands, whoſe mutual Bearings you'll find (by the ſaid 
Caſe) to be N 4005 EY, and 8 40 og? WIV, Diſtance 21.74 Miles. 

If but one of the Head-lands could be ſeen from either Kation, and in- 
ſtead of the Bearing of the other Head-land, the Diſtance of the former 
(which Mariners take by Eſtimation) be given ; the Bearing and Diſtance of 
the two Head-lands from each other may be eaſily found; that is, if in- 
ſtead of the Bearing of G from A, you have the Bearing and Diſtance of 
D from A, and inftead of the Bearing of D from C, you have the Bearing 
and Diſtance of CG; to find the Bearing and Diſtance of DG: Having 
by the Courſe and Diſtance ſailed, and the Setting and Drift of the Current, 
determined the Point C, you may by the ſimple Bearing and Diftance of 
the Head-lands from A and C, determine the Points D and G by Conſtruction. 
By Calculation, having determined the Bearing and Diſtance of AC; in the 
ADC will be given the two Sides AD, A C, and the £ included at 
A, to find the Bearing and Diſtance of D C; which being found: In the 
ADCG will be given the two Sides C D, CG, and the £ included at 
C; to find the Bearing and Diſtance of D G required. Or, 

If the Bearing and Diſtance of D from A, and alſo the ſeveral Bearings 
of G from D and C, be given ; the Diſtance of D and G from each other 
may be eaſily had. 


The uſual way of trying of Currents at Sea, is to let down a heavy 
Weight faſtened to a Rope or Cord, to a great Depth, out of the Head of 
a Boat; then by the Log and Compaſs is found the Setting and Drift of the 
Current, (after the ſame manner as is found the Ship's Courſe and Diſtance 
failed.) But this Method muſt needs be very uncertain, for the ſame Cur- 
rent as drives the Ship muſt alſo drive a Body having fo great a hold upon 
the Water às a Boat, (tho* undoubtedly not ſo faſt, by reaſon of the Weight 
underneath :) Beſides, this Experiment cannot well be repeated ſo ya 
as in many Caſes it ought to be, by reaſon of the too much trouble at- 
rending ir. I ſhall therefore ſhew in the two enſuing Problems, how the 
Quality of che Current may be otherwiſe found ſeveral ways. 

| PROB, 


* 
. 


Secs. of Currents, &cc. 


P R O B. IL 


To find the Setting and Drift of a Current, when the Ship is 
within ſight of Land. 


CASE TI. 


The Courſe, Diſtance ſailed, the Difference of Latitude, and 
the Bearing of the Place departed from, being given ; to find 
the Setting and Drift of the Current. 


Examp. A Ship from a certain Head-laud in the Latitude of 40 oo' N, 


fails EIS 20 Miles in 4 Hours, and then the ſame Head - land is found to 

bear W 65S, and the Ship is found to be in the Latitude of 40% 0j N; I 

. the Setting and Drift of the Current, which is ſuppoſed to be in 
is Place. 
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Conſtruction. 1. Having drawn the Compaſs N, E, 8. W; let A repreſent plate 9. 
the Place the Ship departed from, and draw the EUS Line AB = 20 Fg. 1. 


Miles, alſo the E56N Line AC. 
2. At the Diſtance of; Miles, (the Difference of Latitude N”) draw the 

Line DC parallel to the Eaſt and Wieſt, where this interſects the E&A N 
Line A C in C, gives the Place of the Ship; join the Points C and B; 
then will B C be the Setting and Drift of the Current. To find which by 
Calculation; | 

1. In the Right £* A A DC are given the Difference of Latitude A D 

Miles, the Z A= 78* 45”; whence to find AC, it will be, 


As the Co-Sine of the & A (the Courſe) =78* 45 9.29023 6 


I to the Radius: 10. 
So is the Diff. of Latitude A D 5 0.698970 
To the Diſtance run A C = 25.63 m. 1.408734 


2. In the & ABC are given the Side A B=20, the Side A C=25.62, 
and the C A = 229 30“; whence to find the Z B, it will be, 


22 300 As the Sum of the Sides AB & AC=45.63 8.340750 

SA Ĩ to their Difference = 5.63 0.750508 

— . So is the Tang. of Sum of BC C=78* 45" 10.701338 

78 45 +£2.BIC 7 the Tangent of + their Diff. =31 48 9.792596. 
B =-110.33 
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NAVIGATION. Chapll. 
To the WIN Line BA, (the A WAGb=11*® 15/0 add the . B = 
110? 33/, the Sum WA c is N 31* 48“ E, the Setting of the Current. 
To find B C the Current's Drift in 4 Hours, it will be, 
As the Sine of the £, B=1109® 33 / (its Sup,=69® 27) 0.028554 


434 


I to the Sine of the L A==22® 30 9:582840 
So is the true Diſtance run A C25. 63 1.408734 
To the Drift of the Current B C=10.48 Miles. 1.020128 | 


And conſequently the Current Drift per hour is 2.62 Miles: 


CASTE 37 


The Courſe and Diſtance run, and the true Bearing and Diſtance 
between the Place departed from, and the Place arrived at, 
being given ; to find the Setting and Drift of the Current. 


Examp. A Ship ſails from a certain Port E S 200 Miles, at the rate 
of 5 Miles an hour, and then arrives at a Port diſtant from the former 
256.3 Miles, bearing E N; I demand the Setting and Drift of the Cur- 
rent. | | | 
Having drawn the E.b N Line A C=256.3, and the E5S Line AB 
200 Miles, join the Points B and C; then will the CAB C be the Setting 
of the Current from the Wb N Line BA, and the Side BC the Cur- 
rent's Drift in 40 Hours: To find which by Calculation; in the A ABC 
are given the two Sides AB, AC, and the £ included at A, to find the 
oppoſite C, and the Side BC; which being determined, the Setting and 
Drift of the Current will be found to be as in the laſt Example, viz. the 
Setting is N31 48“ E, at the rate of 2.62 Miles an hour. 


Fig. 1. 


. 


The Bearing and Diſtance of any Place from two other Places, 
and the Courſe and Diſtance run (according to the Log and 
Compals) between theſe two Places, being gruen; to find the 
Ship's true Courſe and Diſtance ſailed, and alſo the Setting 
and Drift of the Current. 


Examp. A Ship takes her Departure from a certain Cape bearing WSW, 
Diſtance by Eſtimation 4 Leagues, and having failed N W 4&N 18 Hours, 
at the rate of 6 Knots an hour, arrives at an Hand bearing NW from 

the 


Sect. 5. O Currents, &c. 4 135 


the former Cape, Diſtance 130 Miles, there is a Weſterly Current ſuppoſed 
to be under Foot; required the Ship's true Courſe and Diſtance ſailed, and 
the Setting and Drift of the Current. | 

Conſtruction. 1. Having drawn the Compaſs N, E, S, W; let A repreſent rig. 2. 
the Cape from whence the Ship took her Departure, and draw the N W 
Line A D=130o Miles, alſo the E NE Line A B=12 Mies; then will D 
repreſent the Hand, and B the Place of the Ship when ſhe took her De- 

arture. 
K 2. Draw the Line B C parallel to the NW4&4N = 108 Miles, (the Di- 
ſtance ſailed. in 18 Hours) and join DC and DB; then will BD be the 
true Diſtance ſailed, the . DB C the true Courſe from the N W 4 N, 
the BCD the Setting of the Current from the SEbS (Line CB) and 
CD its Drift in 18 Hours. To find each of which by Calculation ; | 

1. In the AADB are given the Side A D=130o, the Side A B=1 2; 
and the . A=112* 30% to find the Z D, which will be found to be 4 43/; 
whence the Ship's true Courſe is N 49 43/ Wu; and the Side B D the true 
Diſtance failed, will be found to be 135 Miles. 

2. In the ABCD are given the Side B D= 135, the Side B C=108, 
and the CB = 15? 58/; whence the C C will be found to be = 120% 24/, 
and conſequently the Setting of the Current is S 86* 39/ Eu, the Side C D 
the Current's Drift in 18 Hours, will be found to be = 43.08 Miles, and 
conſequently the Current Drift per hour is 2.39 Miles. 

In the two following Caſes I ſhall give the Geometrical Couſtructions, and 
alſo Directions for finding the ſeveral Requilites by Calculation; but ſhall. 
leave the Operations for the Learner's Practice. 


CASE 4. 


The 2 and Diſtance of two Head lands from each other, 
and the Bearing of one of them from the Ship at one Station, 
and of the other at another Station, as alſo the Courſe and Di- 
ſtance run between theſe two Stations, and the Difference of 
Latitude by Obſervation, being given; to find the true Courſe 
and Diſtance ſailed, and alſo the Setting and Drift of the 
Current. 


Examp. A Ship takes her Departure from an Head-land in: the Latitude 
of 30% oo N, bearing SS W, Diſtance 5 Leagues; and having failed 
NEGbE zo Niles in 6 Hours, ſaw another Head-land whoſe Bearing 
from the firſt (by the Chart) is N WIN 40 Miles, bearing Wb N, and 
then the Ship by Obſervation is found to be in the Latitude of 30 20% 
the Ship's true Courſe and Diſtance ſailed, and. alſo the Setting and Drift of 
the Current, (which is fuppoſed to be in this Place) is required.. R 

on- 


LY 


Fig. 3. Conſtruction. 1. Having drawn the Compaſs N, E, 8, W; let A repreſent 
the firſt Head- land, from whence draw the NNE Line AB=1; Miles, 
and alſo the N WEN Line AD = 40 Miles; then will B repreſent the 
1 of the Ship when ſhe took her Departure, and D the ſecond Head- 
and. | | 

2. From D draw the ES Line DC, then lay the Difference of Lati- 
tude NM = 20 Miles from A to F, and draw FC parallel to the Eaſt 
and Weſt Line until ir cuts DC as in C, and join the Lines BC, AC, 

P and DF: then is C the Place the Ship arrived at, BC her true Diſtance 
Jailed, A C her Diſtance from the firſt Head-land, D C her Diſtance from 
the ſecond Head- land, and G C the Setting and Drift of the Current. To 
find which by Calculation ; | 

1. In the AAFD are given the two Sides A. D, AF, and the Z A, 
to find the remaining C, and the Side DF; then, 2. In the A DF C will be 
given the Side D F, and all the C, to find the Side FC. 3. In the Right 
{* AAFCwill be given the Sides A F, F C, to find the Aypothennuſe A C, 
and the Acute C. 4. In the A ABC will be given the two Sides AB, 
AC, and the £ included at A; to find the C AB C, the true Courſe from 
the SSW Line B A, and the Side B C the true Diſtance ſailed : Laſtly, in 
the A BCG will be given the Sides BG, BC, and the /. included at B; 
to find the (C BGC the Currem ; Setting from the S WIS Line G B, and 


| the Side G C the Current's Drift in 6 Hours, which being known, the 
| | Drift per hour is eaſily had. b | 


| CASE 5. 


| The Bearing and Diſtance of two Head-lands from each other, 
| and their Bearings from two different Stations of the Ship, 
| and alſo the Courſe and Diſtance ran betwixt theſe two Sta- 
tions, being given; to find the Ship's true Courſe and Diſtance 
| ſailed, — alſo the Setting and Drift of the Current. | 


Examp. Being at Sea I ſaw two Head-lands, the Southermoſt bearin 
WNW, the other N&W, they bore from each other NNEandSS W. 
Diſtance 20 Miles; then I ſtood away N E for 6 Hours, and ran 30 Miles, 
and tne firſt bore from me Wb S and the ſecond WNW; I demand the 
Setting and Drift of the Current. 

Fig. 4. Conſtruttion. 1. Having drawn the Compaſs N, E, 8, W; let A repre- 
ſent the Southermoſt Head- land, and draw the NNE Line A F 20 
Miles, then will F be the Northermoſt Head-land. From A draw the 
ESE Line A B, alſo from F draw the 8 E Line FB until it interſects 


the Line AB; then will B be the Place of the Ship when ſhe firſt ſet the 
Head-lauds, | 


3 2. From 


Sechs. of Curberts,) & 

2. From A draw the E4N Line AD, and alſo from F parallel to the 
E SE draw the Line FD; then will D be the Place of the Ship the ſe- 
cond time. , 11 i And73o an. 

3. Draw the Line BC parallel to the NE = 3o Miles, and join DC 
and DB; then is BD the true. Diftance failed, the . DB C the true 
Courſe from the NE, the ZB CD the Setting of the Current from the S W, 
and C D the Current Drift in 6 Hours. To find which by Calculation; 

1. In the A ABF are given the Side A F, and all the C, to find the 
Side BF. 2. In the AA F D are given the Side A F, and all the Z, 
to find the Side F D. 3. In the A BED will be given the Sides FB, F D, 
and the £ F, to find the Z B, the true Courſe from the NW, and the Side 
BD, the true Diſtance ſailed. Laſtly, In the & BD C will be given the 
Sides BC, B D, and the L B, to find the £ C, which will be the Cur- 
rents Setting from the 8 W, and the Side C D the Current s Drift in 6 Hours. 


P R O B. III. 


Having the Bearing of the Place departed from, Or, the Latitude 
by Obſervation,” ec. and either the Setting or Drift of the 
Current, given; to find the other. 

The Courſe and Diſtance run, and then the true Bearing of the 

Place departed from, and either the Setting or Drift of the 
Current, being given; to find the other. 

1. Admit a Ship from a certain Place fails N WbW 30 Miles in 5 

Hours, in a Current that ſets S W, and then the Place departed from bore 

EbS; I demand the Current's Drift. 
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Conſtruction. Having drawn the Compaſs N, E, 8, W; let A be the Place Fig. 5 


the Ship departed from, and draw the NWbW Line AB = zo Miles, 
and alſo the WW N Line AC; from B draw the Line B C parallel to the 
SW, until it meets ACin C: then is BC the Drift of the Current in 5 
Hours, and AC the true Diſtance failed. To find which by Calculation; 

In the AA BC are given the Side A B=3o Miles, the C A=22* 30% 
the . C = 56® 15', and the  B = 101 15' ; whence, to find CB, it 
will be, | | 


As the Sine of the C 5615 8.080154 
To the Sine of the A = 229 30 9.582840 
So the Diſtance ſailed A B = zo Miles 1.477121 


To the Side BC the Current's Drift in 5 Hours =13.8 m. 1.140115 


And conſequently the Current's Drift * hour is 2.76 Miles. £ 
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Fig. 5. 
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NAVIGAT ION. 


If it be required to fin the Diſtance ſailed AC, it will be 


As the Sine of the L C = 56* 15 0.080154 
To the Sine of the B= 10115 (its Sup.78*%45') 9.991574 © 
So AD (the Dift. given by the Log) o I.477121 


To AC the true Diſt. ſailed = 35.39 Miles 1.548849 


2. If the Courſe and Diftance ſailed, and the Bearing of the Place depart= 
ed from, had been given the ſame as before, and the Current's Drife be- 
tween the South and the Weſt, at the rate of 13.8 Miles, while the Ship 
is ſailing 30 Miles, to find the Current s Setting; the Solution would be 
much after the ſame manner as above, and the Serting of the Current would 
be found to be either 8 W, or it might be according to the Direction of 
the Line Bd, becauſe the Drift of the Current may interſect the Line 
CA in two Places. | 


CASE 2; 
The Courſe ſteered by the Compaſs, and the true Bearing and 


Diſtance of the Place departed from, and either the Setting 
or Drift of the Current, ; eing given; to | Find the other. 


1. Admit there are two Ports bearing WIN and E 5S, diſtant 353.9 


Miles, and a Ship from the Eaſtermoſt ſails N WW, and in 50 Hours ar- 


rives at the Weſtermoſt, there was all the while a Current under foot; 


ſetting 8S W; required the Current Drift per hour. 


The Solution of this Caſe is much after the ſame manner with the laſt 
Caſe, for having drawn the E5S Line AC = 353.9 Miles, and the 
NW Line AB, draw the SW Line CB; then in the AA BC is 

iven the Side AC, and all the , to find the Side CB, which will be 
Fund to be 138 Miles, and this divided by 50 gives 2.76 Miles, the Cur- 
rents Drift in an hour. N 4 

2. If inſtead of the Current's Setting the Drift had been given = 2.67 
Miles per hour, and the other Data the ſame as before, to find the Current 
Setting: The Caſe would have been ambiguous, and the Current's Setting 
might have been either S W, or according to the Direction of the Line 
b C. 

If the Bearing and Diſtance of the Ports, and the Setting of the Current 
had been given, the ſame as before, and inftead of the Courſe, the Di- 
ſtance ran by the Ship = 3oo Miles; to find the Current's Drift, you have 
two Sides, and the I oppoſite to one of them, given; to find the remain- 
ing C, and thence the Side required. Or, 

If 


Sect , of Clrrnts, &ec. 

If che Bearing and Diſtance of the Ports, the Diſtance run by the Ship in 
a given ſpace of time, and the Drift of the Current in the ſame time, be 
given; you have the three Sides of a A, and the Bearing of one of them 


given, to find the Bearing of the other Sides. Vide Caſe 4. of Set. IV. 


45 CASE z. 


The Difference of Latitude and Departure by dead Reckoning, 
the Difference of Latitude by Obſervation, and either the Set- 


ting or Drift of the Current, bei ven; to find the other, 
ad the true Courſe and Diſtance fas d. 


on one or more Courſes, till by dead Reckoning ſhe came into the Lati- 
tude of 37* 1&/ North, and her Departure was 120 Miles E; but by a 
good Obſervation ſhe is found to be in the Latitude of 37* 50/ N, and 
all this while there is a Current under foot ſetting N NE: I demand 
the true Courſe and Diſtance ſailed, and alſo the Drift of the Current. 


Examp. Admit a Ship from the Latitude of 36* 40/ N, fails 48 Hours 


Conſtruttion. 1. Having drawn the Compaſs N, E, S, W; let A be the Ez. 6. 


Place the Ship departed from, and lay the Difference of Latitude by Ac- 
count 30 . from A to B; from B draw BC parallel to the Eaft and 
Weſt = 120 #. the Departure, and join A C: then is C the Place of the 
Ship by dead Reckoning. 
2. Lay the Difference of Latitude by Obſervation = 70 Miles from 
A to D, and draw DG parallel to the Eaſt and Weſt. | 
3. Draw CG paralld to the NNE, until it meets D G, alſo draw 
CF parallel to the Meridian AD; then is G the true Place of the Ship, 
G the Current's Drift in 48 Hours. To find which by Calcula- 


and 

tion; | 
1. In the Right cf A CF G are given CF = 4o Miles, (the Difference 

between the Latitude by Account, and the Latitude by Obſervation,) and 


the . C = 22 30 (the Current's Setting ;) whence, 


To find CG the Current's Drift in 48 Hours, it will be, 
As the Co-Sine of the Current's Setting the 2 CD: 30% 9.965615 


I to the Difference of Latitude CF=40 Miles; 1.602060 
So is the Radius 10. | 


To the Current's Drift in 48 Hours C G=43.3 


Hence, the Current's Drift per hour is r Mile. 


T 2. | To 


— ©” -- © — —_—_ 


. — — — nu oy x — — ———_ — > — 


— — 


<p oC — 


—  —_—_—— - _— —— — 


NAVIGATION. Chap. II. 


To find F G the Alteration of Departure made by the Current, it Will be; 


As the Radius 1. 4 
To the Sine of the £ C=22* 30 9.582840 
So is the Side C G=43.3 3 | 1.636445 
To the Side required F G==16.57 1.21 9285 


This therefore (becauſe the Ship's Departure and the Setting of the Cur- 
rent are both the ſame way) added to the Departure DF (BC) = 120 
Miles, gives DG = 136.57 Miles, the true Departure the Ship made. 
Whence, to find the true Courſe and Diſtance failed, it will be, 


1. As the Dif. of Lat. AD = 70 Miles 1. 845098 
Is to the Departure DG 36.8 2.135451 
So is the Radius | Rel 10. 
bt] 7 ä ä . 
| To the Tang. of the Courſe 62? 527 10.290353 
Hence, the true Courſe is N 62 52/ EN. | 1 
2. As the Co-Sine of the Courſe = 62 527 9.659025 A 
So is the Radius 10 


To the true Diſt. ſailed A G==153.5 2 a 2.186073 


2. If inſtead of the Current's Setting, its Drift had been given; and the 
reſt of the Data, the ſame as before, the Solution of the Caſe would have 
been much after the ſame manner ; only if it ſhould not be known whe- 
ther the Current ſets Eaſterly or Weſterly, the Caſe would be doubtful, 
and the true Place of the Ship may be either in G or g; and the Setting 
of the Current may be either NNE or NN W: for having conſtructed 
the AABC, and drawn the Line DG, as before directed, then taking 
the Drift of the Current in 48 Hours, betwixt the Compaſſes, and ſetting 
one Foot in C, with the other interſect DG; then if you know in what 


Quarter the Current ſets, you have the true Place of the Ship, viz. if the 


Current ſets 3 Wat the true Place of the Ship is 1 BY other- 


wile the Cale is doubtful. 


If inſtead of the Difference of Latitude and Departure by Account, had 
been given the Courſe and Diſtance failed, or any other Data, whereby 


the A ABC might be conſtructed; the Solution of the Caſe would have 
been juſt the ſame. | 


This 


This Caſe is very uſeful when the Setting of a Current is known, for de- 


termining the true Place of the Ship; foraſmuch as that the Difference of 
Latitude by Obſervation is the ſureſt Data Mariners have for correcting their 


Account.. 


CASE: 4. 


The Bearing and Diſtance of two Places from each other, the 


Bearing and Diſtance of one of theſe Places from one Station, 
and the Bearing of the other from another Station, the Caurſ+ 
and Diſtance run between theſe two Stations, and either the 
Setting or Drift of the Current, being given; to find the other, 


and the true Courſe and Diſtance ſailed. 


x. Admit being at Sea, I ſaw a Head. land bearing 8 W, Diſtance (by 
_ Eſtimation) 4 Leagues; then I ſtood away S EE for 8 Hours and run 
52 Miles, and ſaw another Head-land, whoſe Bearing from the former I 


find by the Chart tobe SS E, Diſtance 60 Miles; it bore from me WS W; 


there was all the while a Current under foot ſetting SS W : I demand 
the Ship's true Courſe and Diſtance ſailed, and the Drift of the Current. 


141 


Conſtruction. 1. Having drawn the Compaſs N, E, 8, W; let A repre- Eig. 7. 


Tent the Northermoſt Head- land, from whence draw the NE Line A B= 
12 Miles, and the SSE Line A C=60 Miles; then B repreſents the Place 
* | 8 Ship when ſhe took her Departure, and C the Southermoſt Head- 
and. 35 

2. From B draw the SEE Line BD 52 Miles, and from D draw 
the SSW Line DF, alſo from C draw the EN E Line CF until it 
meets DF, and join the Lines AD, DC, and BF; then is F the true 
Place of the Ship, and DF the Drift of the Current in 8 Hours. To find 


which by Calculation; 


1. In the AABD are given the two Sides BA, BD, and the Lein- 


cluded at B, to find the oppoſite £*, and the Side AD; then, 2. In the 
A ADC will be given the two Sides AD, AC, and the Lat A, to find 
the oppoſite 4, and the Side DC; then, 3. In the A CDF will be given 
the Side DC, and all the C, to find the Side DF, the Current's D-it 
in 8 Hours; laſtly, In the AB D F will be giyen the two Sides BD, DF, 
and the at D, to find the £ B, the true Courſe from the S EE, and the 
Side B F the true Diſtance ſailed. 

2. If inſtead of the Current's Setting, its Drift in 8 Hours had been 
given = F D, and the reſt of the Data, the ſame as before; tha Conſtruc- 


tion, and alſo the Arithmetical Solution would be much. after the ſame. 


manner as above, 
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Fig. 8. 


NAVIGATION. Chap. I. 


CASE 5. 


The Latitudes of two Places, the Bearings of theſe Places from 
two different Stations, the Courſe and Diſtance run between 
theſe two Stations in any given Space of Time, the Latitude 
arrived into by Obſervation, and the Setting of the Current, 
being given; to find the true Courſe and Diſtance ſailed, the 


Drift of the Current, and the Bearing and Diſtance of the 
two Places. | | 


Examp. A Ship at Sea eſpies an Mand in the Latitude of 30® oo' N, 
bearing SE, diſtant 5 Leagues, and having failed WN 6o Miles in 
10 Hours, ſaw another Hand in the Latitude of 30* 45 N, bearing 
ENE, and by a good Obſervation the Ship is found to be in the Latitude 
of 30 36' N; and during the whole time there is a Current under foot, 
ſetting NE6N : required the Ship's true Courſe and Diſtance ſailed, the 
Drift of the Current, and the Bearing and Diſtance of the two Mands. 

Conſtruttion. 1. Having drawn the Compaſs N, E, 8, W; let A repreſent 
the firſt Hand, from whence draw the NW Line AB = x5 Miles, and 
let fall the L Ba; then will B be the Place of the Ship when ſhe took her 
Departure. 

2. From B draw the Wo N Line BC = 60 Miles, alſo draw Be pa- 
rallel to the Meridian, and through C draw Cd parallel to the Eaft and 
Weſt Line; then will C be the Place of the Ship by dead Reckoning, A d 
her Difference of Latitude, and C d her Departure from the firſt and. 

3. Lay the Ship's true Difference of Latitude from the firſt Iland = 36 
min. from A to , and draw f D parallel to the Eaſt and Weſt, then draw 
the Line CD parallel to the NEN, until it interſects the Line 7D, 
and let fall the I. Dh; then is D the true Place of the Ship, B D the 
true Diſtance ſailed, and C D the Currents Drift in 10 Hours. 

4. Lay the Difference of Latitude of the ſecond Mand from the firſt 


= 45 min. N from A to G, and draw FG parallel to the Eaft and 


Weſt, then draw DF parallel to the E NE until it interſects the Line 
FG, and join FA; then is F the ſecond Hand, F A the mutual Diſtance 
of the two Hands, and the £ FAG their Bearing from the Meridian. 

To find the ſeveral Requiſites by Calculation; 

1. In the Right “ AAB a are given the Side A B and the Z A, to find 
Ba; 2. In the Right ABC C are given the Side BC and the I B, to 
find the Sides Bb and C6; then, 3. In the Right ChD will be given 
the Side DH (= Be —Bb) and the Z h C D, ro find C D the Current's 
Drift in 10 Hours, and C h the Alteration of Departure made by the Cur- 
rent: then, 4. In the Right “ A Be D will be given the Side Be (=f A 


—4 A, 


Sect. 5. Of Currents, &. 


—a A,) and the Side De (= C- Ch) to find the £ B the true Courſe, 
and the Side BD the true Diſtance ſailed. Then, 5. In the Right £* 
A DF& will be given the Side &F (SAG—AF) and the CD, to find 
Dk, and alſo (if required) the Side DF the Diſtance of the Ship from 
the ſecond Hand. Then, laſtly, In the Right “ A A GF are given the 


Side A G, and alſo FG (=D e+ef—D&,)) to find the C. A the Bearing, 
and the Side A F the Diſtance between the two /ands, 


There may be other Varieties propoſed concerning Currents, but who- 


ever underſtands what has been already delivered on this Head, will eaſily 
ſolve any other Caſe whatſoever, 


p RO B. IV. 


How a Ship muſt ſhape her Courſe to hit any known Place to 
Windward, the Lee-way ſhe makes, and likewiſe the Current 
under foot (if any) being known. 428 


CASE r. 
The Bearing and Diſtance of any Place to Windward, and the 
leaſt Dance from the Wind that the Ship can make her way 


* being given; to find upon what Courſe, and how: far the 
hip muſt ſail upon each Tack, to fetch the ſaid Place. | 


Defin. Tacxs are Ropes (in a Ship) for carrying forwards the Clews of 
the Sails, to make them ſtand cloſe by a Wind. | 


The Tacks are always faſtened to that ſide the Ship the Vind is of, and 
if it be to the 1 * me 7 Hand ſide when your Face is turned towards 


the Head of the Ship, they are called the 8 Tacks; becauſe the 


Sides of the Ship are ſo called ; and whenever theſe Tacks are faſtened (as 
above) the Ship is ſaid to ſail upon ſuch a Tack. 

The Angle which the Hake of the Ship makes with the Line of the 
Wind, is the Quantity from the Wind that the Ship makes her way good 
through the Water; and the Difference betwixt this Angle, and that 


which the Head of the Ship makes with the Wind, is called the Ship's 
Dxirr or Lzz-war. 


Examp. A Ship that makes her way good within 6 + Points of the Wind 
at NNE, is bound to a Port bearing NE, diſtant 120 Miles; I demand 
the Courſe and Diſtance upon each Tack to gain the ſaid Port. 8 

u- 
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Conſtruction, 1. Having drawn the Compaſs N, E, S, W; let A repre- 
ſent the Place the Ship is in, from whence draw the N E Line AB = 120 
Miles ; then will B repreſcnt the Port the Ship is bound to. 

2. Set off 6 + Points on each Side the NNE or Wind-Line A d, to a 
and b, and draw A a and Ab; then will A a be the NWT W Line, or 
Courſe upon the Har- board T. ack, and Ab the E S Line, or Courſe upon 
the 2 Tack. 

3. Through B draw B C parallel to A till it meets A, a produced in 
C, * will AC and CB be the Diſtances upon each Tack To 4 
which by Calculation ; 

In the GAB C are given the Side AB = 120 Miles, the Z A = 
95 37% (S283 Points, the Diſtance between the NE and the NW-W) 
the (C 33 457 {= 3 Points, the Diſtance between the E S and the 
S E E) and the £ B = 502 37/5 * * * the other two; E 
whence, 


1. To find the Diſtance upon the Gar kae T. hs it will U be. 


As the Sine of the C= 33 45” e 8.255261 
Js to the Sine of the  B = 50® 37% 9.888185 
So is the Diſtance AB = 130 Miles 2. 2.079181 


To A C the Diſt. upon the Star- -board Tack=167 m. 2. 222627 5 
2. To find the Diſtance n the Lar- board 7 ack, it will r 


As the Sine of the LC = 33* 45” | 8.255261 
To the Sine of the C A=95%37' (its Sup. 84 221) 9.997903 
So the Side AB = I20 m. | 27918 


To CB the Dif upon the Lar-board Tack =215 m. 2.332345 


So that the Ship in ſailing N WW 167 Miles, and E S 215 Miles, 
will arrive at her Port, 


In the former Conſtruction, the Line B D might have been drawn pa- 
rallel to the N WLW Line, and the Solution ad have been the ſame ; 
and in this Caſe the Ship in ſailing ES 215 Miles, with her Lar-board 
Tacks on Board, and then NW TW 167 Miles, with her Star-board Tacks 
on Board, would have arrived at the Port B in the ſame time. 

To know how near the Wind a Ship will lie, obſerve what Courſe 
ſhe makes on each Tack, then ( generally) the middle between both is the 
Wind; yet this doth not always hold, for ſome Ships will lie nearer the 
Wind upon one Tack, than they will upon the other : wherefore, in ſuch 
a Caſe lay the number of Points the Ship lies from the Wind on each Tack, 
on each ſide the Wind-Line, each in its proper Side, and you may com- 
pute the moſt advantageous Courſes, and how far you muſt ſail upon each 
Courſe to hit any given Place; as in the Example above. 


Cas 
3 


Sect. 5. Of Currents, &c. 


CASE 2. 
How to hit a Ship under ſail. 


Examp. Being at Sea, about four in the Evening, I ſaw a Ship directly 
to Windward bearing NNE E about 4 Leagues; ſhe ſtood with her 
Star-board Tacks on board, and ſo did we till ſeven, having run at the 
rate of 5 Knots an hour, and then the Ship bore from us NEbE; we 
both made our way good within 6 Points of the Wind, but we fore- 
reaching of her, and being willing to ſpeak with her at 1 next Morning : 
I would know when I muſt Tack, and how far I muſt fail on each Tack 
to be with her at that time, ſuppoſing the Wind to continue the ſame, and 
ſhe to ſail on the ſame Courſe, and at the ſame rate. 
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| Conſtruttion. 1. Having drawn the Compaſs N, E, 8, W; let A repre- Fig. 10. 


ſent the Place of the firſt Ship, from whence draw the NN E E Line 
A cher 12 Miles; then will B be the Place of the ſecond Ship at 4 
o- clock. | 

2. Draw the NW Line A G the Courſe upon the Sar-board Tack, and 
parallel to it the Line BE. 

3. Make AC= 15 Miles, (the Diſtance run by the Ship A in 3 Hours) 
then {will JC be the Place of the Ship A. at 7 o'th' Clock; from C draw 
CD parallel to the NE E, then will D be the Place of the other Ship 
at the ſame time, and B D her Diſtance ſailed in 3 Hours. 

Laſtly, Make DF to BD as 6 to 3, (or as 2 to 1) then will F be 
the Place of the Ship B at 1 o'Clock next Morning. Through F draw 
F G parallel to the E US, (the Courſe upon the Lar-board Tack) then will 
CG be the Diſtance you muſt ſail upon the Star-board Tack, and G F the 
Diſtance upon the Lar-board Tack, for to hit the Ship B at 1 o'-Clock. 

To find the ſeveral Requiſites by Calculation. | 

1. Draw Ba parallel to CD; then in the AB AA are given the Side 
AB = 12 Miles, the A A = 73? , (= 6 + Points, the Diſtance be- 
tween the NW and the NNE +E) the La = 78 45%, (tne Diſtance 
between the SE and the NE E) and the  B = 28* 97's, to find the 
Sides A a and aB; which by Caſe 8. of Trigonom. will be found to be, 
viz, aB = 11.71 Miles, and Aa = 5.76 Miles. Now becauſe aB is 
parallel to CD, and a CHB D, AC 15 —A a 5.76 = BD 9.24, the Drift 
of the Ship B in 3 Hours, and conſequently is 3.08 Miles per hour, and 
D F her Drift in 6 Hours is 18. 48 Miles. 

2. Draw F parallel to CD; then in the AbF G are given the Side 
F (= a B)= 11.7 Miles, the 4. b = 101*® 15 (= 9 Points, the Diſtance 
between the N W and the NEE) the ( G=33* 45", (the Diſtance be- 
tween the SE and the E4S,) and conſequently the £ F = 45 oo, to 
find the Side 6 G, and alſo G F the 9 upon the Lar- board Tack ; * 

* 
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by Caſe 8. of Trigonom. will be found to be, viz. GF = 20.67 Miles, the 
Diſtance upon the Lar-board Tack, and b G = 14.9 m. whence CG the 
Diſtance upon the Star-board Tack is = 33.38 Miles (= Gb149+FD 
18.48 ;) whence the Diſtance upon both Tacks is 54.05 Miles, and conſe- 
quently the firſt Ship muſt fail at the rate of 9 Miles an hour from 7 o 
Clock, before ſhe can be up with the other Ship at 1 o'-Clock next Morning, 
To find when the Ship muſt Tack, it will be CG + GF 54.05: CG 
= 33.38 :: 6 Hours: 3* 42"; whence the Ship muſt Tack at 42 min. 
after 10 a-Clock. 

If it be required how far the Ship A muſt fail, and when ſhe muſt Tack 
to hit the Ship B, ſuppoſing the two Ships can fail no faſter than they 


did at firſt, and that the Ship B ſtill keeps on the ſame Courſe. 


1. Having drawn the proper Courſes of the Ships, and found the rate 
of ſailing of the Ship B in a given ſpace of time, (as in the Example above) 
which let be to the Motion of the Ship A, as BD =9g.24 to AC = 7x5 
Miles, the Motions of the two Ships in 3 Hours ; and conſequently their 
hourly Motion is, viz. A 5 Miles per hour, and B 3.08 Miles per hour. 

2. Having determined the Points C and D, the Places of the Ships at 
7 o' Clock, ſuppoſe the Ship B to Anchor at D, and draw D d parallel 
to the E S, (the Courſe upon the Lar-board Tack) then find Cd and d D, 
the Diſtance upon each Tack that the Ship A muſt ſail from C to hit the 
Point D, which are above determined to be, viz. Cd (G) = 14.9 
Miles, and dD (= G F) = 20.67 Miles ; hence, ſuppoſing the ſecond Ship 
to remain in the ſame Place, the firſt Ship has 35.57 Miles to run before 
ſhe can come up with her; then becauſe A fails 1.92 Miles per hour faſter 
than B, it will be, 1.92 : 1 hour: : 35-57 : 18" 31®; fo that the Ship 
A will come up with the Ship B at half an hour paſt 1 o'=Clock in the 
Afternoon next Day, after ſhe had ſailed 92: Miles from C: To find 
when ſhe muſt Tack, ſubſtract 4 Hours (the time required to ſail 20.67 
Miles the Diſtance upon the Lar-board Tack) from 18 = Hours, the Re- 
mainder 14 7 Hours ſhews the Ship muſt Tack at half an hour paſt 9 0 
Clock next Morning. 

In like manner knowing the Advantage that two Ships have of the Wind, 
and their Velocities through the Water, you may eaſily find what Courſe 
the ſwifter Ship muſt fteer for to overtake the ſlower, in the ſhorteſt time 
poſſible, as alſo at what, time ſhe'll be able to come up with her. 


CASE 3: 


Ho: to hit a Port, or double a Cape or Head land to Wind- 
ward, in a Current or Tide s Way. 


Examp. A Ship that makes her way good within 6 Points of the Wind 
at NE, is bound to a Port bearing NNE, diſtant 120 Miles, and all 
the way there is a Current under foot, ſetting NE, at the rate of 1 Mile 


in 


Sect. 3. O Currents, &c. 


in the time the Ship ſails 3 Miles; I would know the Courſe and Diſtance 


upon each Tack, to fetch the Port. 
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Conſtruction. 1, Having drawn the Compaſs N, E, 8, W; let A be the Fzg. 11. 


Place of the Ship, from whence draw the NNE Line A B = 120 Miles, 
then will B repreſent the Port; next, lay 6 Points on each Side the Nb E, 
(the Wind- Line) and draw the N WbW Line AG, and through B draw 
the Line BG parallel to the E5N ; then if there were no Current, AG 
would be the Diſtance upon the Har- board Tack, and G B the Diſtance u p- 
on the Lar- board Tack, to fetch the Port. 

2. Through B draw Ba parallel to the N E, (the Setting of the Cur- 
rent) and make ab = 7 of A a, and through b draw A b, which produce 
to H; then is AH the true Courſe of the Ship upon the Star-board Tack. 

3. Lay any convenient Diſtance from B to d, and draw d parallel to 
B H, then taking B d betwixt the Compaſles, lay off that Diſtance 3 times 
from d to e, and draw Be, which continue directly to F; then draw FC 
parallel to F d, alſo draw F D parallel to Ba: then A D is the Diſtance 


upon the Star-board Tack, and F C the Diſtance upon the Lar-board Tack, 


required to hit the Port; A F being the Courſe and Diſtance made good 
upon the Star- board Tack, and F B the true Courſe and Diſtance upon the 
other Tack. 4» 

To find A D and F C by Calculation. 

1. In the A A D F are given the Ratio of the Sides A D, D F, viz. A D 
= 3, and DF=r, and the E included D= 78 45% whence, to find the 
Z A, it will be, 


D 7845 AD+DF=: 0.301030 
N 5 2 
SF . 7 AD—DF=: 0 
50 377, 1 Z op. 4 2 5 
Tang. 50 37“ 5 10.085 827 
Tang. 31 21 9.784797 
A 19 16 


2. In the AFCB are given the Ratio of the Sides F C, CB, viz. FC 3; 
and CB x, and the C included C = 146*® 15'; whence the Z F will be 
found to be 8* 15/. 8 

3. In the AAB F are given the Side A B=120 Miles, the  A=59® 29, 
(= DAB 78* 45/7 — DAF 19* 1&) the C. AFB=72%31v, (= AFC 
64 16 + CFB8? 15/) and conſequently the Z B = 48 oo; whence 
the Sides AF, F Bwill be found to be, viz. AF = 93.47 Miles, and FB 
= 108.3 Miles. Then, 
4. In the AADF are given the Side A F= 93.47, the LD 278 45/, 
and the LF = 81* 59/ ; whence the Side AD, the Diſtance required up- 
on the Lar-board Tack, will be = 94.4 Miles. 

5. In the AFBC are given the Side FB = 108.3, the £ C= 146" 15/, 
and the £ B = 25 3o/, whence ory Side F C, the Diſtance required ns 
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the Lar- board Tack will be = 87.95 Miles; ſo that the Ship in ailing 94.4 


Miles upon the Star-board Tack from A to D, will by means of the Cur- 


rent be carried to the Point F; then in ſailing 87.95 Miles upon the Lar- 


board Tack from F to C, will by means of the Current be carried to the 
Port B. 

By this Caſe it may be eaſily found, whether a Ship may be able to 
weather a Head-land, Cc. in a Current or Tides Way: Let us ſuppoſe a 
Ship that can make her way good within 6 Points of the Wind at NbE, 
to be bound to a Port bearing NNE 120 Miles, as before, and that all 
the way there is a Current ſetting SW, at the rate of 1 Mile, while the 
Ship is ſailing 3 Miles; and it be required how far ſhe muſt ſail upon each 
Tack to fetch the Port. | 

Having drawn the NNE Line AB = 120 Miles, and the N W4N 
Line A a, and alſo the E6 N Line B a, the Courſes upon each Tack; thro? 
a draw the SW Line ab, then divide the Line A a into 3 equal Parts, 
and lay one of thoſe Parts from a to h, and draw the Line A 5; next draw 


the SW Line BC, and lay ſome convenient Diſtance from B to d, thro! 


d draw de parallel to B a, then taking Bd betwixt the Compaſles, lay 


that Extent 3 times from d to e, and draw the Line Be until it meets As 


produced in F : Through F draw F D parallel to the N E, until it meets 
A a produced in D, then will A D be the Diſtance required upon the Star- 
board Tack, and F the true Place of the Ship at the end of that Courſe : 
Through F draw F C parallel to a B, until it meets B d produced in C, 
then will FC be the Diſtance required upon the Lar-board Tack. | 

The ſeveral Requiſites may be eaſily found by Calculation, by the Direc- 
tions given in the former Example: For, 1. In the AA ab are given the 
Proportion of the Sides A a, ab, and the ZA ab, to find the L aA B. 
Alſo, 2. In the ABde are given the Proportion of the Sides B d, de, and 
the £ d, to find the 4d Be; then, 3. In the A AB F will be given the Side 
A B, and all the C, to find the Sides AF and BF. Then, 4. In the 
AADF will be given the Side AF, and all the Z*, to find the Side A D, 
the Diſtance required upon the Lar-board Tack, which will be found to be 
= 434.5 Miles. Laſtly, In the ABFC will be given the Side BF, and 
all the C, to find the Side FC, the Diſtance required upon the Lar-board 
Tack, which you'll find to be = 683 Miles ; ſo that ſuppoſing the Ship 
can make good 4 Miles an hour, ſhe'll ſpend 11 Days and 15 Hours upon 
her Voyage ; a very conſiderable time for ſo ſmall a Diſtance. And if the 
Velocity of the Ship had been but double that of the Current, ſhe would 
not have been able ever to fetch the Port. 
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CHAP. IL 


Containing the Solution of ſome few Aſtro- 
nomical Problems, uſeful in Naviga- 
ton. | 


SECT. L 
Aſtronomical Definitions. 


HE Equinoctial, and its Poles ; The Horizon, and its Poles; The La- 
titude and Longitude of Places upon the Earth, have been already 
defined in Sect. 2. of the firſt Chapter: Wherefore, now there remains to 
be explained, | | 

1. The EcLipricx is a Great Circle, in which the Sun appears to move 
in its annual Motion round the Earth: This Circle makes an Angle with the 
Equinofial of 23297, and interſects it in two oppoſite Points, which are 
called the EqQuinoctiar Points; and the two Points in the Ecliptick that 
are at the greateſt Diſtance from the Equinoctial, are called the SorsrIrIAL 
Points: The two Meridians paſſing through thoſe Points, are called the 
CoLukes ; whereof that which paſſeth through the Equinottial Points, is 
called the EqQuixocTIarL Coruke ; and that which is at right Angles 
to it, paſſing through the Solſtitial Points, is called the SorSsTITIAL Co- 
LURE, 

The Ecliptick is uſually divided into 12 equal Parts called Stoxs, (and 
conſequently each Sign muſt contain 30 Degrees) beginning from the In- 
terſection of the Equator, and numbered from Weſt to Eaſt : The Names 
and Characters of the 12 Signs are as follow: 


Aries, Taurus, Gemini, Cancer, Leo, Virgo, 
ix. 5 V. 2. 8. 3. IT. 4, 8 5. HN. 6. IN. 
Libra, Scorpio. Sagittarius, Capricornus. Aquarius, Piſces, 
7, . 8 . 9, *. 10, . 11. W. 1, * 


3 The 
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The firſt fix of theſe are called the Northern Signs, and poſſeſs that half 
of the Ecliptick which is to the Northward of the Equator ; beginning at 
the firſt Point of Y, and ending with the laſt Point of N. 

The latter fix are called the Southern Signs, becauſe they poſſeſs the 
Southern half of the Ecliptick; beginning at the firſt Point of =, and end- 
ing with the laſt Point of &. | 

The Porrs of the Ecliptick are both ſituated in the Solſtitial Colure at 
23 29 Diſtance from the Poles of the World; and they take their Deno- 
mination from that Hemiſphere wherein they are placed, viz. that Pole 
which lies in the Northern Hemiſphere is called the North Pole, and the 
other is called the South Pole of the Ecliptick, þ | 

2. All Great Circles paſſing through the Poles of the Ecliptick, (and con- 
ſequently interſecting it at right Angles) are called Circles of Longitude : 
So thar, 

3. The Loxcrtrupsz of any Point in the Heavens (as a Star or Planet, &c.) 
is an Arch of the Ecliptick, contained between the Circle of Longitude 
paſſing through that Point, and the Equinoctial Point V. And that Degree 
of any Sign which lies under the Circle of Longitude paſſing through any 
Star or Planet, is called the Place of the Star or Planet. 

It may be here noted, that the Sun never goes out of the Ecliptick, 
and therefore the Sun's Place is that Sign, Degree, Minute, &c. of the Eclip- 
tick, which he at any time poſſeſſes; and his Longitude is the Arch of the 
Ecliptick, intercepted betwixt this Place and the firſt Point of V. 

4. All Circles parallel to the Ecliptick, are called Parallels of Latitude: 
So that, | | 

5+ The LArrrupr of any Point in the Heavens, (as of a fixed Star or 
Planet, &c.) is an Arch of the Circle of Longitude paſſing through that 
Point, and intercepted betwixt it and the Ecliptick : and if the ſaid Point 
be to the Northward of the Ecliptick, it is called North Latitude ; but if it be 
to the Southward, it 1s called South Latitude. 

6. All Circles parallel to the Equinoctial, are with reſpe& to any Point in 
the Heavens, called Parallels of Declination : So that, 

7. The DecLixnation of any Point in the Heavens, is an Arch of the 
Meridian paſling through that Point, and intercepted betwixt it and the 


Equator ; and if the ſaid Point be to the 48 9 wakes oh of the Equator, 
North | 


it is called 4 Grace i Declination. 


Of the Parallels of Declination, there are four that have particular 
Denominations, viz. the two Tropicks, and the two Polar Circles. 

8. The 'TropIcxs are on different Sides of the Equator, each 239297 
diſtant from it; that which lies in the Northern Hemiſphere, touches the 
F.liptick in the Point S, and for that reaſon is called the 'Trxovicx of 
Caxcrk : And the Southern Tropic touches the Ecliptick in the Point W, 
and from thence is called the 'Tropick of CaPpRI CN. 

Theſe 
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Theſe Circles are the Limits of the Sun's greateſt Declination, and are 
called Tropicks, becauſe whenever the Sun arrives to them, he ſeems to 
return back again towards the Equator. 

9. The Por Ax CircLEes are each of them at the ſame Diſtance from 
the Poles of the World, that the Tropicks are from the Equator, viz. 235 29/; 
that which lies near the North Pole is called the Axcticx Cixcie, from 
Arfos, a Conſtellation fituated in the Heavens near that Place; whence 
alſo this Pole is ſometimes called the Arctic Pole. The other Polar Circle 
which is ſituated near the South Pole, is called the AntarcTtick CixCLE ; 
becauſe its Poſition is contrary to the other. And the South Pole is ſome- 
times called the AntarEick Pole. 

It ſeems. theſe two Circles are called Polar, becauſe they are deſcribed 
by the Poles of the Ecliptick, in the Diurnal Motion of the Earth round its 
Axis. | 

10. All Great Circles paſſing thro' the Zenith and Nadir, (and conſequent- 
ly interſecting the Horizon at right C) are called either VERTIcAL Cir- 
CLES, or AziIMUTHsS ; whereof that which paſſeth thro' the North and Swith 
Points of the Horizon, (and conſequently through the Poles of the World) 
is (as before defined) called the Meridian; and that Vertical Circle which 
paſſeth through the Eaſt and Weſt Points of the Horizon (croſſing the Me- 
ridian at right Angles) is called the PRIME VERTIcAL, or Circle of Eaſt 
and Weſt. 

11. The AziMuTH of any Point in the Heavens (above the Horizon) 
is an Arch of the Horizon contained between the Meridian, and the Vertical 
Circle paſſing through the ſaid Point; and is the ſame with the Angle at 
the Zenith, made by the Meridian and the ſaid Vertical Circle. 

12. The AwPLitups is an Arch of the Horizon intercepted between the 
Sun, Moon, or Stars, &c. at their Riſing or Setting, and the Eaſt or Weſt 
Points of the Horizen: Or, the Angle made at the Zenith, between 
the Prime Vertical, and the Vertical Circle paſſing through the Sun, Moon, 
or Star, &c. at their Riſing or Setting. For Riſing, it is called Amplitude 
Oxtive, and Occaſive for Setting. 


13. When any Point of the Heavens is upon the Meridian, it is then 
ſaid to CuLMINxATE, 

14. All Circles parallel to the H;rizoz are call'd Armicanters, or Pa- 
RALLELS of Altitude ; becauſe they ſhew how far the Sun, Moon, or Stars, 
&c. are aſcended above the Horizou : So that, 

15. The ALTITupsz of any Point in the Heavens is an Arch of the Ver- 
tical Circle paſſing through that Point, and intercepted betwixt it and the 
Horizon ; which can never exceed a Quadrant or go Degrees. 

16. ZENITH DiSTANCE, is an Arch of the Vertical Circle paſſing through 
any Point in the Heavens, and intercepted betwixt it and the Zenith ; and 
therefore 1s equal to the Complement of the Altitude to go Degrees. 

17. MrRIDIAN ALTITUDE, is the Altitude of the Sun, Moon, or Stars, 
&c. when they are upon the Meridian; and is the greateſt Altitude they 
can have on that Day. 18, Of 


- 
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18. Of the Circles parallel to the Horizon, that which is 18 Degrees 
below it, is called the CxepuscuLuUm, or the Cirele terminating Light and 
Darkneſs : becauſe it is found by Experience, that when the Sun comes to 
this Circle in the Morning, it is then the Day breaks; alſo, when the Sun 
comes to the ſame in the Afternoon, it grows quite dark, 

19. All the Space contained betwixt this Circle and the Horizon; or 
rather the Time elapſed between the Sun's Riſing. or Setting, and the 
time of its being upon the Crepuſculum, is called the Twiticur z becauſe 
it is then between Day and Night. 7 p 

The Horizon and the Equator may be either Parallel, Perpendicular, or 
Oblique to each other. 

20. A PARALLEL SPHERE is that Poſition where the Equator coincides 
with the Horizon, and conſequently the Poles of the World are in the Ze- 
nith and Nadir. The Inhabitants of this Sphere (if any) are thoſe who 
live under the Poles of the World ; here is but one Day and one Night 
throughout the whole Year, 


21. A Richr SphERRE is that Poſition where the Equator is perpendicu- 


far to the Horizon ; the Inhabitants of this Sphere are thoſe who live under 


the Equinoctial, where the Days and Nights are always equal through- 
out the whole Year. 

22. An OzLt1Qus SPHERE is that Poſition where the Equator and the Ho- 
rizon make Oblique Angles with each other ; which every where hap- 
pens but under the Eguinoctial and the Poles: Here one of the Poles is 
always elevated above the Horizon, and the other is equally depreſſed 
below it, and this Elevation or Depreſſion is always equal to the La- 
titude of the Place. The Equinoftial is here alſo cut into two equal 
Parts by the Horizon; and conſequently when the Sun is in the Equinoctial, 
the Days and Nights will be equal: But all the Parallels of Declination 
are unequally cut by the Horizon, and conſequently when the Sun is in 
either of them, it will make the Days and Nights unequal, and this In- 
equality will be more or leſs according to the Latitude of the Place (from 
the Equator.) i 

23. The Arch of any Parallel of Declination which ſtands above the 
Horizon, is called the Diux NAL Axch; and the remaining Part of it which 
is below the Horizon, is called the Nocrux NAL Arcn. 

24. It may be here obſerved, that that Parallel of Declination which 
is at the ſame Diſtance from the Eguinoctial, that the Place is from the 
Pole, juſt touches the Horizon without cutting of it; and all Points in the 
Heavens that are betwixt this and the elevated Pole, conſtantly appear 
above the Horizon; but thoſe that are betwixt the oppoſite Circle and the 
deprefled Pole, are always hid below it: whence the former of theſe 
two Parallels is called the Circle of PRRPETrVAL ApPARTTION, and the latter 
the Circle of PexpETUAL OCCULTATION. 


Eaſtern 


25. That Point of the Equinoctial which comes to the Weſtarn © Part 
of 


* 
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of the Horizon with any Point in the Heavens, is called the j 50 __ + 


of-that Point, counted from the beginning of Y; and if it be in a Right 
Sphere, the Aſcenſion or Deſcenſion is called Right; but if it be in an Oblique 
Sphere, it is called Oblique Aſcenfion or Deſcenfion. So that, 

26. The Rionr AsckNsrox of the Sun, Moon, or any Star, &c. is an Arch 
of the Equinotial contained between the beginning of V, and that Point of 
the Equinoctial which riſes with them in a Right Sphere; or which comes to 
the Meridian with them in an Oblique Sphere. 

27. OsL1Qus Ascenslon or Dxscenson, is an Arch of the Equinoftiat 
intercepted between the beginning of Y, and that Point of the Equator 
which riſes or ſets with any Point in the Heavens in an Oblique Sphere. 

28. ASCENSIONAL DrIrrERENCR, is the Difference betwixt the Right and 
Oblique Aſcenfion or Deſcen/ion, and ſhews how long the Sun riſes or ſets 
before or after the Hour of ſix ; or, half the time that the Moon or any Star 
continuing above or below the Horizon, exceed or want of fix Hours. 

29. The Right Aſcenſion of that Point of the Ecliptick which at any time 
is upon the Meridian, is called the Right Aſcenſion of M1ip-Heaven at that 
time, | 

If a Sphere or Globe, having all the fore-mentioned Circles delineated 
upon its Surface, be conceived to be tranſparent, and the Eye of a Spec- 
tator be placed in one of the Equinoctial Points; all the ſaid Circles will 
be projected upon the Plane of the Solſtitial Colure ; and the Equator, the 
Ecliptick, and the Horizon, will be repreſented by right Lines, and their 
Secundaries and Parallels will be all Circles in this Projection. 
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The Circle H, Z, O, N repreſents the Solſtitial Colure; the Circle EO Plate to. 
the Equinoctial; P the North Pole of the Equator, and S the South Pole : Fig. 1, 2.3. 
All Great Circles conceived to be drawn from P to 8, (and con- &. 


ſequently cutting the Equinoctial at right Angles) are Meridians; and a 
Tight Line conceived to be drawn . P to S through the Center of 
the Sphere, is the Axis of the Equator, or the Earth's Axis; alſo the 
great Circle POS is the Equinofial Colure: All Circles conceived 
to be drawn from the Poles P and 8, parallel to the Equinoctial, are 
the Parallels of Declination, whereof thoſe exprefled by double Lines 


S $S 


are the Tropicks and Polar Circles; viz. the double Line marked 3 WV 
is the Tropick of | can 7 and the double Line marked 1 775 is the 


Capricorn, 

Arcticł . 

T9 + Circle, 

2. The Great Circde ® © W making an Angle of 23* 29“ with the 
Equator, is the Ecliptick ; the right Line Oc paſſing through the Center of 
the Sphere, and cutting the Ecliptick at right Angles, is the Axis of the 
Ecliptick, b the North Pole thereof, and c its South Pole. The Point © 


where the Ecliptick croſſes the Equator, is one of the Equir.oftial Points 1 
( an 


| 
| 
| 
| 
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and the Points S and W, where the Ecliptick touches the Tropicks, are the 
Solſtitial Points : All Circles conceived to be drawn from ò to c (cutting 
the Ecliptick at Right Angles) are the Circles of Longitude ; and all Circles 
deſcribed from the Poles b and c parallel to the Ecliptick, are the Parallels 
of Latitude, | 

3. The Great Circle H © O repreſents the Horizon; the two Points 
Z, N (which are 90 diſtant from the Horizon) the Zenith and Nadir : 
All Great Circles conceived to be drawn from Z to N, (and conſequently 
croſſing the Horizon at right Angles) are the Azimuths; whereof HZ ON 
is the Meridian, and the Great Circle Z ON (croſſing the Meridian at 
right Angles) is the Prime Vertical, or Circle of Eaſt and Weſt; alſo the Cir- 
cle P © S (likewiſe croſſing the Meridian at right Angles) is the Six o- Clock 
Hour-Circle : All ſmall Circles conceived to be drawn from the Zenith Z, 
parallel to the Horizon, are the Almicanters or Parallels of Altitude : 'The 
Circle TW drawn 18 Degrees below the Horizon (and parallel to it) is 
the Crepuſculum, or the Circle terminating Light and Darkneſs ; and the 
time that the Sun is betwixt this Circle and the Horizon, is called the 
Twilight. 

In Fig. 1. the Equator and its Parallels cut the Horizon at right Angles, 
whence this Poſition is called a Right Sphere: Here the Equator E Q 
paſſes through the Zenith and Nadir ; the Poles of the World are exactly 
in the Horizon; and all the Parallels of Declination are cut into two 
equal Parts, whence the Days and Nights are here always equal 3, alſo all 
the Stars rile and ſet, and their Diurnal and Nocturnal Arches, or, the 
time that they appear above the Horizon, and are hid below it, is always 
equal. 

"The Fig. 2. repreſents a parallel Poſition of the Sphere; here the Equi- 
noctial co-incides with the Horizon, and the Poles of the World are one 
in the Zenith, and the other in the Nadir: All the Parallels of Declination 
are parallel to the Horizon, (and conſequently none of them interſect 
it;) wherefore all the Stars, whoſe Declinations are towards the elevated 
Pole, always appear above the Horizon, and at the ſame Height ; and thoſe 
whoſe Declinations are towards the contrary Pole, are always hid below it : 
but the Sun and the Planets, by reaſon of the Obliquity of their Annual Mo- 
tion, to the Diurnal Motion of the Earth, are during one half of their Pe- 
riods above the Horizon, and for the other half below it; their greateſt 
Altitude and Depreſſion being equal to the Angle which their reſpective 
Orbits make with the Equator, . 

The Figures 3, 4, and 5, repreſent the Sphere projected in different Lati- 
tudes, and in all theſe the Equator and its Parallels make Oblique 
Angles with the Horixon; whence theſe Poſitions are called Oblique 
Spheres. | 

The Fig. 3. repreſents the Sphere projected for the Latitude of 23® 297 
North, {equal to the Sun's greateſt Declination :) here the Parallels of 
Dechuativa are all unequally cur by the Horizon, the Diurnal Arches of 


3 thoſe 
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thoſe towards the elevated Pole continually increaſing, until the Declina- 
tion becomes equal to the Complement of the Latitude, (=66® 31/) equal 
to the Diſtance bf the Arfick Circle from the Equator ; which Circle touches 
the Horizon in the Point O, and is therefore the Circle of Perpetual Appari- 
tion in this Latitude, (becauſe all the Parallels betwixt it and the Pole 
are wholly above the Horizon :) The Dinrnal Arches of thoſe Parallels 
that are towards the depreſſed Pole, do "likewiſe decreaſe in the ſame 
Proportion that thoſe Arches of the oppoſite Parallels increaſe, until the 
Declination becomes equal to the Complement of the Latitude, where 
that Parallel will juſt touch the Horizon; which Parallel is here the 
Antarctic Circle, and therefore is the Circle of Perpetual Occultation. Here 
it may be obſerved, that by the Earth's Rotation round its Axis, the 
Solftitial Point & paſſes through the Zenith, and Y through the Nadir. 
The farther any Place is from the Equator, the Diurnal Arches of the 
Parallels towards the elevated Pole increaſe, and of thoſe towards the 
depreſſed Pole decreaſe, the faſter ; for the Circles of Perpetual Apparitions 
and Occultations are always at the fame Diſtance from the Equator, that 
the Place is from the Pole: Thus, in Fig. 5. which is conſtructed for the 
Latitude of 5 1* 30/ N, the Circles of Perpetual Apparitions and Occultations 
are the Parallels DO, HD of 38? zo/ of Declination, North and South. 
Again, in Fig. 4. which is projected for the Latitude of 66* 31/ N, the 
two Tropicks juſt touch the Horizon; ſo that when the Sun is in the Sum- 
mer Solſtice, he juſt touches the Horizon without Setting; and again, 


1750 he is in the Winter Solſtice he once appears in the Horizon without 
iſing. | 


From the preceding Definitions are deduced the following Corolaries. 


1. All Places of the Earth do equally enjoy the benefit of the Sun in reſpect 
of Time, and are equally deprived of it. 

2. In all Places of the Earth, ſave exatly under the Poles, the Days and 
Nights are of equal Length, (viz. 12 Hours each) when the Sun is in the Equi- 
noctial. 

3. In all Places between the Equinoctial and the Poles, the Days and Nights 
are never equal but when the Sun is in the Equinoctial Points Y and =. 

4. The nearer any Place is to the Equator, the leſs is the Difference betwixt 
the Length of the artificial Days and Nights in the ſaid Place; and the more 
remote the greater. 

5. To all the Inhabitants lying under the ſame Parallel of Latitude, the Days 
and Nights are of equal Lengths, and that at all times of the Tear. 

6. The Sun is Vertical twice a Tear to all Places between the Tropicks ; to 
thoſe under the Tropicks once a Year ; but never any where elſe. 

7. In all Places between the Polar Circles and the Poles, the Sun appeareth 
ſome number of Days without Setting, and at the oppeſite time of the Tear he 
is for the ſame length of time without Riſing ; and the nearer unto, or Jon 
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from the Pole thoſe Places are, the longer or ſhorter is his continued Preſence in, 
or Abſence from, the ſame. And in all Places lying exacily under the Polar Cir- 
cles, the Sun at his greateſt Declination appears for one Day without Setting, 
and diſappeareth at another : but at all other times of the Tear he riſes and ſets 
there as in other Places. 


Northern 


8. In all Places lying in the 7 Hemiſphere, the longeſt Day and 


Southern 
ſhorteſt Night, is when the Sun hath the greateſt j ewe 7 Declination; and 
the contrary. 
SECT. IL . 


Aſtronomicat Problems. 


ET. B be the Sun's Place in (the firſt Quadrant of) the Ecliptick at 
any time; through which let there be drawn the Meridian PBS, 
and alſo the Parallel of Declination d Be; then will © A be his Right A, 
cenfion, and A B (= d) his Declination, at the ſame time. Again, ſup- 
poſing the Latitude to be fixed as before, viz. 51* 3o/N : the Arch h m 
will be the Sun's Altitude at the Hour of fix, and Oh his Azimuth from 
the Prime Vertical at the ſame time; Oc will be the Suns Altitude when 
he is upon the Prime Vertical, and the OP, which the Meridian PbS 
makes with the Prime Vertical, the time from Six, when he appears due 
Eaſt or Weſt; (the Complement of which to fix Hours will be the time 
from Noon.) Again, ſuppoſing the Latitude and the Sun's Declination to be 
the ſame as before, On will be the Sun's Amplitude; the 4. nP O the Time 
from Mid-night when he riſes and ſets, the Complement whereof the Arch 
Oa will be the Aſcenſional Difference. Theſe things being premiſed, we 
proceed to, 


St, 


Of theſe fous, vig. 1. The Sun's greateſt Declination, 2. The 
Longitude of the Sun from the next Equinoctial Point, 3. The 
Right Aſcenſion of the Sun from the ſame Equinoctial Point, 
and 4. The Declination of the Sun in that Place; any two be- 
ing given, we may find the reſt. F 


CAsx 
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CASE Tr. 


The Sun's greateſt Declination, and his Place in the Ecliptick, 
being given; to find his Preſent Declination, and Right Aſ- 


cenſton. 


Examp. In the Spherical Triangle O A B Right Z. at A, are given; 
the Side © B = 50? oo“, (the Suns Place in 20° of 8) and the Z A OB, 
to find OA his Right Aſcenſion, 


(the Sun's greateſt Declination) = 23® 29/ ; 
from the Equinottial Point V, and the Side A B his Preſent Declination. 
1. To find the Right Aſcenſion, it will be, 


10. 


As the Radins 
To the Co-Sine of the Sun's greateſt Declination = 23 29 8 "RY . 
So the Tangent of the Sun's Longitude from Y = 50® oO 10076186 


To the Tangent of the Right Aſcenfion 47 327 


I 
N. B. When the Sun is in the g Quadrant of the Ecliptick, the Right 


10.038 6 39 


4 
* Alteration 
. che true 4% . 
ſubſtracted from 360 


cenſion from the beginning of V. 
10 
That is, if the Sun had been in 258 
100 


Aſcenſion found as above 


3L 
Des. of JY ud his Right Aſcen- 
{x 


5 132287 
ſion would have been 3227 32 C from the beginning of F. 
312 28 
2. To find the Preſent Declination, it will be, 
As the Radius 10. 
Jo the Sine of the Sun's Longitude from Y 5 O o- 9.884254 
So the Sine of the Greateſt Declinatien = 23® 29/ 9.600409 
To the Sine of the Preſent Declination = 179 4602416 9.4846 63 


Which is North, becauſe the Sun is in the Northern Signs. 
| N. Z. 
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N. B. Whenever the Sun is at the ſame Diſtance from the Eguinoctial 
Points Y or =, the Quantity of Declination will be the ſame, but may be 
of different Denominations, according as the Sun 1s either in the Northern 
or Southern Signs; ſo that the Declination before found 17467 246 is com- 

zn the Northern Signs, to & 20000, and N 10 oof. 
mon in ine I Synthern Signs, to W 20% oo, and ® 10% O0 

The Sun's Declination may be found to a Minute of a Degree, by the 
Table of the Sun's Declination annexed to this Book ; 7 2 1 ſhall 
next ſhew how from the Sun's Declination, to find his Place and Right A. 


cenſion. 


CASE 2. 


The Sun's Greateſt Declination or Obliquity of the Ecliptick, and 
his Preſent Declination, being given; to find his Longitude, 
and Right Aſcenſion. | 


Examp. Let the Sun's greateſt Declination be (as before fixed) 23® 29, 
and his preſent Declination 17 46” 24".6 N, and increaling, and let it be 
required to find his Longitude and Right Aſcenſion from the firſt Point of V. 


1. To find the Sun's Place, the Proportion will be, 


CA OSB. AS i 
27 ag 8.46/41 1 R. S. 50 805 


It has been ſhewed before, that the ſame Quantity of Declination cor- 
reſponds to four Points in the Ecliptick ; wherefore, if the Sun's Declina- 
North, decreaſing, 


tion had been 17* 460.41 South, increaſing, 8 the Sun's Place would 
South, decreaſing, 
MN ro 
have been . 20 
* 10. 


2. To find the Right Aſcenſion, it will be, 


S. the Long. from Y, or © 290, 


4 


T. EACB „ T. KB Ra 28 the Right Aſcenſion. 


172 460.41 47 32 


Now becauſe the Declination is North, and increaſing, the Sun is in the 
frit Quadrant of the Ecliptick, and therefore the Arch laſt found 47 32/, 
1s his Right Aſcenſion from F. 


235 297 


11 
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North, decreaſing, Þ 
If the Sun's Neclination had been 17* 46/.41 4 South, increaſing, 
South, decreaſing, 
13228 


6 Fl 
the Sun's Right Aſcenſion would have been 3 227 32 Com the beginning 
of Y. 


312 28 
If the LAB O which the Ecliptick makes with the Meridian, (or 


Circle of Right Aſcenſion paſling through the Sun) be made a part of the 
Data, this Problem will admit of 12 more Caſes ; all which, as alſo any 
Caſe in Right-Angled Spherical 'Triangles, may be ſolved by the follow 
ing Table of Proportions. | 
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P R O B. II. 


In the Right C Spherical A P On, where, 1. PO is the Poles Height, 


or Latitude of the Place; 2. # the Complement of the Amplitude; 3. P 
the Complement of the Sun's Declination, 4. The £uP O the Comple- 
ment of the Aſcenflonal Difference; and, 5. Pu O the © which the Meri- 


dian P makes with the Horizon ; any two of cheſe being given, the reſt 
may be found. 


Eeois: "7: | 


The Latitude of the Place, and the Sun's Declination, being 
given ; to find his Amplitude and Aſcenſional Difference, and 
thence the time of the Sum s Riſing and Setting, and conſe-- 


quently the Length of the Day and Night. 
Examp. In the Latitude of 51 3o' N, the Sun having 17* 467.41 of 


North Declination ; I demand his Amplirude, Aſcenſional Difference, Time of. 
| To: 


Rug and Setting, &c. 
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r. To find the Amplitude, it will be, 


As the Co-Sine of the Latitude 53 15 300 9.794150 
Jo the Radius | n | e 10. * 
So the Sine of the Declination 17 4641 9.484663 

To the Sine of the Amplitude 29 22 50” 9.6905 13 


Which is Northerly, becauſe the Sun's Declination is North, (for the 
Sun's Declination and Amplitude are always the ſame way, and when the 
Sun is in the Eguinoctial he riſes due Eaſt, and ſets due Weſt) and con- 
ſequently the Sun riſes 29® 23“ to the Northward of the Eaſt Point of the 
Horizon, or EN E NIN, and ſets 29* 23/ to the Northward of the 
Weſt, or WNW W 1* 4 NY. If the Declination had been 17 46.41 S, 
(the Latitude being the ſame as before) the Amplitude at Sun-rifing would 
have been E 2923“ S?, and at Sun-ſetting W 29® 23! 8 . 

After the ſame manner may the Amplitude of any Star, (that may rife 
and ſer) whoſe Declination is known, be found. | 


2. To find the 4ſcenſional Difference, it will be, 


As the Co-Tangent of the Latitude 51* 3o' 9.900605 
To the Radius: 2 
So the Tangent of the Declination 17 467 24".6 9.505928; 
To the Sine of the Aſcenfional Difference 230 460 3 


After the ſame manner may the A ſcenſional Difference of any Star that 


may riſe and ſet, be found; and to find what Stars do not riſe or ſer, 
obſerve the following Rule. 


If the Latitude 1 7 be greater than the Complement of the Star's 


Declination 1 the Star never ſetteth, but appears conſtantly a- 


bove the Horizon : On the contrary, if the Latitude * 2 be greater 
than the Complement of the Star's Declination 1 the Star never 


riſeth, but is always hid below the Horizon. 
When the Sun's Aſcenſional Difference is known, the time of the Sun's 


Riſing and Setting, and conſequently the Length of the Day and Night 
may be ſound as followeth : 


| 5 3 | the ſame 
1. If the Latitude, and the Sun's Declination are of 4 contrary 7 Deno- 


mination, 


Se. 12 o[Aſtronomcul Probleme 


mination, the Aſcenſional Diff. converted into Time, and 8 from T. 
ſix o'th' Clock, gives the Time of the Sm Rifing.. | 
2. If the Latimde and Deelination ate of 4 575 & kind, the Aſcenſinal 


Difference . tom ſix o*th' Clock, gives the 'Time of the Sur's 


Setting. —— 33 | 
Thus, in the Example above, becauſe the Latitude and Dedlination are 
both North, if the Afcenſional Difference 23* 46 be converted into Time, 
allowing 15 deg. to an Hour, and 15 min. of a Degree to a min. of 'Time, 
c. the Aſcenfional „ r will * 1 Hour, 35 Min. and 4 Seconds; 
1% He: ubſtracted from N , ge 4 24 56 7 
wherefore this being 4 r e Tb, gives 3 + yy os the 


4 


» £Riſin 
Time of the Sun 11 — * 
And if the Declination had been 17 46,41 South, (the Latirude being 
the ſame as before,) the Time of the Sun's Riſing would have been at 35 
_ 4 Seconds paſt Seven, and Setting at 24 Min. and 56 Seconds af- 
ter Four. | | 
Now, becauſe the Hour of Sun-ſetting ſhews the Quantity of Time 
elapſed from Noon, and the erid of the Day, and which is therefore 
equal to half the length of the Day; if the Hour of Sun-ſetting be doubled, 
ir gives the length of the Day, or the number of Hours the Sun is viſible 
above the Horizon. 
Thus, in the Example above, where the Hour of Sun-ſetting was 7* 
. og, if this be doubled, the Product 15 10” o8* is the length of the 
3 the time of the Sun's Riſing being doubled, gives the Noctur- 
nal Arch, or the length of the Night. Thus, in the Example above, the 
length of the Night is 8* 49 5 20. | | 
When the Right. Aſcenſion and Aſcenſional Difference are both known, the 
Oblique Afcenfion and Deſcenſion may be found as followeth : | 
1. If the Elevation of the Pole and Declination be both North, or both 
South, the J Fü of che Right Aſcenficn, and the Aſcenſimal Difference 


Sum 
is the Oblique . cel n F required. 
2. If the Elevation of the Pole and Declination be one North and the 


other South, the Sun of the Right Aſcenſion, and Aſcenſional Diference, 


, Differ. 
. A 1 . 
is the Oblique $ 4+ 2 F required. 


Y- | CasE 
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CASE 2. 
Having the Suns Amplitude and Declination, pom to find 


the Latitude of the Place, and the Aſcenſional Difference. 
1. To find the Latitude, it will be, 
As the Sine of the Amplitude 29” 21/ 50" 9.690513 


Is to the Radius : 10. 
So is the Sine of the Declination 17 46/.41 N 9.484663 


To the Co-Sine of the Latitude 5 1 30 8 9.794150 | 


Which is North, if the Sun riſes before, (or ſets after,) the Hour of 
Six ; otherwiſe the contrary. 


2. To find the Aſcen/imal Difference, it will be, 
As the Co-Sine of the Declination 17 46.41 9.978763 


To the Co-Sine of the Amplitude 29® 21/ 505 9.940279 
So is the Radius | 10. 


To the G- Sine of the Aſcenfional Diff. 23 46 9.96 I516 
Whence the Time of the Sun's Riſing and Setting, &c. may be found, 


as above. 


CASE 2 


The Sun's Declination, and the Time of his Riſing or $ etting, 
| being given; to find the Latitude of the Place. 


Note, The Time of Sum riſing or ſetting being given, his Aſcenfiona! 
Difference may be found by reducing the Time from fix into Degrees and 
Minutes. Thus, admitting the Sun riſes at 4" 24” 56*, this ſubſtracted 
from 6 Hours, gives 1 35® 04* the Aſcenſional Difference in Time; which 
being reduced is 235 46”. 

Examp. Admit the Say's Declination to be 17 46/ N, and I obſerve the 


1 to riſe at 24” 56* after Four ; and it be required to find the Lati- 
tude. | 


1. By the Time of the Sun's Riſing find the Aſcenfronal Difference as above, 
Viz. 23? 46}, then it will be, 


As the Sine of the Aſcenſional Diff. 23® 46/ 9605319 
To the Radius 55 7 
So the Tangent of the Declination 174641 9.505924 
To the Co-Tangent of the Latitude 5 2* 300 9.900605 


Which, 


Sect. 2. Aſtronomical Problems. 


Which, becauſe the Sun riſes before fix, and the Declination is North, 


the Latitude is alſo North. 


If the Hypothenuſe Pn of this A (PO) be called OB, and the Legs 


OP, Or be called OA, AB; the remaining Caſes of this Problem may 
be all wrought by the Table of Proportions exhibited under Prob. I. And 


in the right C“ A © hm, right at h; (where Om is the Sun's Declina- 


tion, hm the Sun's Altitude at Six, © h his Azimuth from the Prime Verti- 
cal at the ſame time, the . Om the Latitude, and © mh the Z which 
the Vertical Circle paſſing thro' the Sun makes with the Six o-Clock Hour- 
Circle; if the Hypothenuſe Om be called OB, and the Legs Oh, hm be 
called OA, AB;) any two of the fore-mentioned Parts being given, the 
reſt may be found by the foreſaid Table of Proportions : Alſo in the right 
£* Sph. A © bc, right at &; (where bc is the Sun's Declination, Oc 
his Altitude when he is upon the Prime Vertical, Ob the Time then from 


Six, the C Oc the Latitude, and © cb the C. which the Hour-Circle paſſing 


through the Sun makes with the Prime Vertical ;) if the Hypothenuſe © c be 
called OB, and the Legs Ob, bc be called OA, AB; any two of the 
Parts of this & being given, the reſt may be found by the Table of Pro- 
portions in Page 159 : But theſe two laſt Problems being of no immediate 
Uſe in Navigation, we ſhall here paſs them by without any Examples. 


PRO B. II. 


In the Oblique 4. Spherical AP BZ, where, 1. PZ is the Complement 
of the Latitude, 2. PB the Complement of the Declination, 3. Z B the 
Complement of the Altitude, 4. The CZ PB the Hour from the Me- 
ridian, 5. The . PZB the Azimuth from the North- part of the Meri- 
dian, and 6. Z BP the £ which the Vertical and Hour-Circles paſſing 
through the Sun (or Star) make with each other: any three of theſe 
being given, the reſt may be found. : 


. 


The Latitude of the Place, the Declination of the Sun, and his 
Altitude, being given; to find the Hour of the Day, and 
Azimuth. | 


Examp. Admit in the Latitude of 51* 3o' North, the Sun's Declination 
being 17 46“ N, his Altitude was found to be 42" 33/; I demand the 
Hour of the Day, and the Azimuth of the Sun. 


Y 2 i. To. 
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I. To find the Hour of the Day. 


In the A PZ B are given ZP = 38* 3o/, (the Co-Lar.) PB = 14 
(the Co-Declination) and Z B = 47 27, (the Comp. of the Altitude) to find 
the P. pt ND AONIT OT In > 

The moſt compendious way of ſolving this Cafe, is as followeth 3 

| Let the Side Z B oppoſite to the required / P, be called the Baſe, and 
the two containing Sides PZ, P B be called the Legs; then, To the Arith- 
metical Complements of the Logarithms of the Sines of the Legs, add the Logarithm- 
Sines of the Differences of the ſaid Legs from the half Sum of the three Sides ; 
half the Sum of theſe 4 Numbers will be the Logarithm of the Sine of half the 


Angle fought. 
| EXAMPLE, 


— Arith. Compl. Sine &. 205 850 
— — Arith. Compl. Sine ö. oa 1223 


Sum 158.11 C Diff of the Legs C4035 — Su 9.813356 
5 Sum 79.055 $74 the 2 Sum To 51 7 — Sine 9.077058 


Sum 19.1 17487 


Sine of 2114 „ũ„k — 
Doubled = 42 28 2 49" 52f, 
Whence, if it be in the Forenoon, the Time is 10 08* paſt IX. but if 
it be in the Afternoon, it is 49® 5 2* after H. o'th* Clock. | 


2. To find the Azimuth, the Solution is after the ſame manner, 
only you are to note, that PB is now the Baſe ; wherefore, 
Baſe PB = 72* 14/ e 
ZB= 47 27 — Arith. Comp. Sine 5.132717 
Z P = 38 30 — — Axritb. Comp. Sine o. 205 850 


Sum 158 11 Wife, the Legs 31* 38's — ine 9.719832 
4 Sum 79 057 rom the 5 Sum & 40 351 — Sine 9.813356 


| Sum 19.871755 
Sine 5937 —— — £8." | + 


The Double thereof = 119® 14/ is the Azimuth from the North, the 
Supplement of which = 60* 46' is the Azimuth from the South-part of 
the Meridian. 

After the ſame manner may the Azimuth of any Star, whoſe Declination 


is known, and the time it wants of coming upon, or how much it is paſt 
the Meridian, be found. 


Note, 1. It the Latitude and Declination had been both Scuth, and of 


the ſame Quantity as above, the Hour and Azimuth would have been 
juſt the ſame, 
Note, 


Legs 


Sect. 2. Aſktronomical Problems. 
Note, 2. When the Latitude FT Pty ad the Decline a. mee 


you muſt add 90 Degrees to the Declination, and call that Sum the Com- 
plement of the Declination, then you are to proceed in all reſpects as 


above. 


*p 4 5 Þ * 


The Altitude, Declination, and Azimuth of the Sun, or any known 
Star, being given ; to find the Latitude of the Place, and the 
Hour of the Day: / 


Examp. In the Oblique C Spherical A ZP B are given Z B (the Com- 
plement of the Altitude) 47 27 PB (the Complement of the Declina- 
tion) = 72* 14, and the Z BZ P (che Azimuth from the North-part of the 


Meridian) = 119 14; to find Z P the Complement of the ' Latirnde, 


and the Z ZP B the Hour from Noon. 
1. To find the Latitude, it will be, 
1. As the Nadin: 17 YU! e 


To thec-&. of the Azimuth (PZB)==1 19®14/ 9:688747 
So is the Tang. of Z B (the Co-Alt.) = 47* 27“ 10.037 187 


To the Tang. of (Z S) a 4th Arch 28* on 9.725954 
2. As the Co-Sine of ZB = 47 27/ 0-169904. 
1s to the Co-Sine of PB =72* 14 9.484501 


So is the Co-S. of the 4th Arch (Z S) =28% 01/ 9.945808 
To the Co-S. of a 5th Arch (P S) =66*® 317 9.6002 13 


But P & 66* 31 — 2 S 28% PZ 38* 30/, the Complement of the 


Latitude required. 


2. To find the CP the Hour from Noon, it will be, 
S. P B: S. ZB:: S. PZ B: ZP; that is, 


As the Co-Sine of the Declination 17 46“ 0.021223. 
To the Co-Sine of the Altitude 42 33 9.867283 

So is the Sine of the Azimuth: 119® 14 9.940835. 
To the Sine of the Hour from Noon 42 28 9.829341 


Which 
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Which being reduced into Time is 2" 49 5 27; whence the Time is either 
10” 8 paſt Nine o- Clock in the Morning, or 49" 52* paſt Two in the Afier- 
Noon. 


. 


F the Declination, Altitude, and the Hour of the Day, were 
given; to find-the Latitude and Azimuth. 


1. To find the Latitude, it will be, 


R: C. S. Z PB :: T. PB: T. PS; then again, 
C. S. P Be: C. S. Z B:: CS. P: C.S. Z S: then PS - Z SPZ 
the Complement of the Latitude required. 


2. To find the Azimuth, it will be, 


SZ B: SPB :: S. Z PB: S. P Z B, the Azimuth from the North: part of 
the Meridian. 


There may be more Caſes propoſed under this Problem, but thoſe that 
have been here exhibited are the moſt uſeful. 


If it be required to find when the Twilight begins and ends, 
(which by Obſervation is found to be when the Sun is 18 Deg. 
below the Horigon) the Caſe will be directly the ſame with Caſe 1. 
of the foregoing Problem. 


Examp. Let it be required to find when the Tuilight begins and ends in 
the Latitude of 51* 30 N, when the Sun's Declination is 17 46'N. 

In the AZ Pit are given ZP = 38* 30", (the Complement of the 
Latitude) Pt = 72* 14, (the Complement of the Declination) and Z t = 
108* oo, (= 90? 189 the Depreſſion below the Horixon;) to find the 
P the Hour from Noon. 


Baſe Lt = 108% o&/ | 
- Ft = 72 14 —— — Arith. Comp. Sine 0.021223 
XP = 38 30 —————— Arith. Comp. Sine 5.205850 


Sum = 218 44 T Dif. of Legs F 37* 08' — Sine 9.780801 
+ Sum = 109 22 From the 2 Sum & 70 52 — Sine 9.975321 


Fum 19.983195 
The Sine of 78 46' 1 Sum 9.991597 
The Double thereof = 157 32 is the Pg 10 30” o8f, the Time when 


Twilight ends in the Evening, the Complement of which= 1 2g" 52 is 
the Time when Twilight begins in the Morning. 
Here 


Sec. 2. Aſtronomical Problems. 


Here you may obſerve, that when the Su m of the Complements of the 
Latitude and Declination is leſs than the Baſe Z t (108*,) there is no total 
Darkneſs ; and it will be more or leſs dark, in proportion as the Baſe Z: 
is greater or leſs than the Sum of the Legs Z P, Px. 

_ I ſhall next ſhew the Uſe of the Tables of the Sun's Declination, Right 
—— a and the Catalogue of the Fixed Stars, which are annexed to this 
ook. 


I. The Uſe of the Table of the Sun's Declination. 


This Table ſhews the Sun's Declination every Day at Noon under the 
Meridian of London, for the firſt Year mentioned at the top, and: without 
ſenſible Error, will ſerve for each of the other two ; and indeed for com- 
mon ule it may indifferently ſerve for 8 or 12 Years longer, by adding 
4, 8, or 12 Years to the laſt Year mentioned in the reſpective Pages. 

o find the Sun's Decliuation, look the Year and Month in the Head of 
the 'Table, and the Day of the Month in the left or right-hand Column, 
and in the common Angle of Meeting you'll have the Sun's Declination 
that Day at Noon, under the Meridian of London. | 

Examp. 1, Admit it be required to find the Sun's Declination the roth 
of October at Noon, Anno 1729, under the Meridian of London. 

I find the Year 1729 in the head of the Table, and right under Octob. 
and againſt 10 Days in the left-hand Column, I find 10* 48” South, the 
Suns Declination required. This Number 10% 48'S. may be alſo taken 
for the Sun's Declination on the ſame Month and Day in the Years 1733, 
I737, 1741; the Error not amounting to 2 Minutes. 

Examp. 2. Let it be required to find the Sun's Declination at Noon 
Auguſt 20, Anno 1732, under the Meridian of London. 

Having turned to the Year 1732 in the head of the Table, right under 
Aug. and againſt 20 Days in the left-hand Column, I find 89317 North, the 
Sun Declination for the Time and Place propoſed. The ſaid Number 
8* 31' N may be alſo taken for the Sun's Declination on the ſame Month 
and Day, in the Years 1736, 1740, for the reaſons given above. 

But if you are far Eaſtward or Weſtward from the Meridian of Lon- 
don, (for which theſe Tables are calculated,) you muſt make a proportional 
Allowance, making the Declination ſomewhat greater or leſs than what 
is given in the Tables ; for if you be to the Weſtward, the Sun coming to 
your Meridian after he has paſt the Meridian of the Tables, the Sun's 
Declination will be ſomewhat increaſed or diminiſhed, according as he 
then either recedes from, or approaches nearer to, the Equator; and if you: 
be to the Eaſtward, the contrary. 

In order to find the Sun' 
Eaſtward or Weſtward from London, obſerve the two following Rules: 


1. 1f the Longitude be Eaſterly, and the Declination increa- 
at the 
tot tom 


eng, the proportional Parts (found in the little Table 


s Declination in any Place, either to the 
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bottom of the right: hand Page of the Table of the ' Sun's Decli- 


nation) muſt be ſubſtratted; but the Declination decreaſing, it 
muſt be added. * 


2. If the Longitude be Weſterly, and the Declination increa- 
ſing, the proportional Minutes above-mentioned muſt be added to 


the Declination found in the Table, but the Declination decrea- 
ſing it muſt be ſubſtracted. 


Examp. 1. Admit it be required to find the Sun's Declination at Noon 
January 20th, 1730, at a Place lying 105 Deg. of Longitude to the Eaſt- 
ward of London, 1 | 

The Declination for the time given under the Meridian of London, is 
17* 22/ South decreaſing, and the daily Difference of Declination at that 
time, I find (in the little Col. marked Dif.) to be 17“; wherefore, I look 
in the Head of the 'Table for adjuſting the Sun's Declination, for 105 Deg. 
and in that Column right againſt 187 (which is the neareſt Numb. to 175 
I find 5/; which becauſe the Longitude is Eaſterly, and the Declination de- 
creaſes, I add to the Number before found 17* 22, and the Sum 1727 S. 
is the true Declination {ought : But if the Declination increaſed, the Num- 


ber before found muſt have been ſubſtracted, and the Reſidue 17 179 
would have been the true Declination ſought. 


Examp. 2. March 2oth, 1731, being 175 Deg. to the Weſtward of the 
Meridian of London, I would know the Suns true Declination then at 
Noon. 8 | 

'The Declination for the time given at Noon under the Meridian of London, 
I find to be 4 o# N, (increaſing) and the daily Diff. to be 237; then look- 
ing in the fore-mentioned little Table, for the neareſt Longitude to 175, 
which is 1807 and for the neareſt daily Diff. to 23*, which is 24, I ed 
the proportional Part to be 12', which becauſe the Longitude is Weſterly, * 
and the Declination increaſing, muſt be added to 4* o04', and the. Sum 
4* 16' N is the true Declination ſought : But if the Longitude had been 175 
Wu, as before, and the Declination 4* 4 decreaſing, then the propor- 
tional Parts muft have been ſubſtracted, and the Reſidue 3 527 N would 
have been the true Declination required. ; 


Examp. 3. The Declin. in the Meridian of London 20? 20' N increafiug 
The proportional Minutes 00 4 


The Declin. for the Longitude 120 E 20 16N 
The Declin. for the Longitude 120 W 20 24N 


Examp. 4. The Declin. for the Meridian of London 20® 20“ decreaſing. 
The proportional Minutes 00 4 
The Declin. for the Longitude 120 E 20 24 
The Declin. for the Longitude 120 WW 20 16 


N. B. 
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N. B. If the Longitude, either Eaſterly or Weſterly, exreed 180 Deg; it 
muſt be ſubſtracted from. 360 Deg. and the Reſidue will be the neareft 
Longitude from the given Place, of a contrary Denomination to what it 
was before; and then the proportional Parts being found, muſt be either 
added or ſubſtracted, according to which of the preceding Rules the Caſe 
falls under: Thus, if the Longitude from London be reckoned 220 Deg. WX, 
the neareſt Longitude: from London will be 140 Deg. E“, and the propor- 
tional Parts muſt accordingly be managed by the preceding Rules. 

What has been here ſaid concerning finding the Sun's Declination at 
Noon, under a different Meridian from that of London, the ſame muſt be 
underſtood if the Sun's Declination be required at any other time of the 
Day, than when the Sun is upon the Meridian. 

Having found the Sun's Declination at Noon under the Meridian of the 
given Place; obſerve the two following Rules: 

1. If the Time be in the Forenoon, and the Declination increaſing, ſulſtract 
the proportional Parts found as before in the Table, (allowing 15 of Longitude for 
every Hour from Noon) and the Refidue will be the true Declination ſought : but 
the Declination decreaſing, add the proportional Parts, and the Sum will be the 
Declination 7 17. 

2. F the Time be in the Afternoon, and the Declination increaſing, add the 
proportional Parts: but if the Declination be decreaſing, ſubſtratt, and the Sum 
or Difference will be the Declination ſought. 

This being in effect illuſtrated before, needs no Example here. 

Note, If for every Hour the Sun wants of coming to the Meridian, 
you reckon 15* Eaſterly, and for every Hour that he is paſt the Meridian, 
you reckon 15* Weſterly ; the Rules for finding the Sun's Declination at 
any Hour of the Day, (the Declination at Noon in the given Place being 
firſt found) will be the ſame with thoſe delivered, for finding the Sun's 
Declination at Noon in any Longitude from London. 

Note alſo, that the Time counted from Noon muſt not exceed 12 Hours; = :5- 
thus, if the Time given be 1 o'th* Clock in the Morning, you are to common 
reckon 11 Hours before the Noon of the following Day, and make your Neglect of 


Allowance accordingly ; and not reckon 13 Hours paſt the Noon of the = = 


preceding Day. daily Diff. 
From what has been ſhewed above, it appears, that the Neglect of of the Sar, 
allowing for the Difference of Longitude, and the daily Difterence of the ow my 
Sun's Declination, may make an Error of 12 Minutes in the Latitude, ſup- ;,,,,,-, 
poling the Sun's Meridian Altitude to be exactly taken : Alſo, the ſame Min in the 
Neglect may ſometimes make 24 Minutes difference in the Latitude of the Lat. and 


ſame Place. For Examp. In the Latitude of 51* 30/ North, when the 2% 24 


Minutes 


Sun's Declination is 3? 00/ 4 2 the Meridiona ! Zenith Diſtance is 1 
NR . 

A he 
44 300 pur if a Perſon ſhould be in the ſame Latitude as before, and 11 
54 30. at different 


180 Deg. to the Weſtward of the * Place, when the Sun's Declina- i nes. 
tion 
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tion is 30 00/ 18 increafing, and the daily Difference is 2, the Me- 
/ 


ridional Zenith Diſtance will be 4 #1 * 5 and conſequently, (without ma- 


king a proportional Allowance for the Sun's Declination, ) in the former Caſe 
he'll make his Latitude to be 5 1 187, and in the latter 51 327; thereby 
1 24 Min. difference in the Latitude of the ſame Place, though we 
ſuppoſe the Obſervation to be accurately made at both times. This I ſhewed 
as a Caution for Mariners, becauſe theſe things are not commonly (if ever) 
regarded: and altho' an Obſervation cannot be taken at Sea, to any great 
Exactneſs; yet in all Caſes we ought to endeavour to approach the Truth 
as near as poſſible, by correcting all Errors that we know to be ſuch. 


Il. The Uſe of the Table of the Sun's Place and Right Aſcenſion. 


The chief Deſign of this Table being in order to find the time of Cul- 
mination of the Fixed Stars, it is here only ſet down for one Tear, being a 
Mean between the Extremes of the Difference ariſing on the account of 
the 6 Hours, which is continually to be added at the end of every Year ; 
that being ſufficient for the Purpoſe intended: The Knowledge of the Sun's 
Place is (at preſent) but of little uſe in Navigation, yet . both Tables 
take no more room than one alone would have done, the 'Table of the 
Sun's Place hath been likewiſe inſerted. "Thoſe that deſire to find the 
Sun's Place to a greater Exactneſs, muſt have recourſe to Aſtronomical 
Tables calculated for that Purpoſe. 

To find the Sun's Place and Right Aſcenſion; look for the Month in the 
Head of the Table, and the Day of the Month in the left-hand Column, 
and in the common Area, under the reſpeCtive Titles, you'll have the Sun's 
Place, and Right Aſcenſion required. 

Thus, for Example, let it be required to find the Sun's Place and Right 
Aſcenſion, Auguſt 20, 1730, at Noon, under the Meridian of London : By 
the Directions above, I look for the Month and Day, and under Auguſt, 
and right againſt 20 Days, I find in the Col. ©* PI. R 7* 41” the Sur's Place, 
and in Column O' R. Aſc. 10 Hours 37 Min. the Sun's Right Aſcenſion ; and 
this for common Uſe may be taken for the Sun's Right Aſcenſion on the 
ſame Month and Day of any Year for 100 Years to come. Neither need 
there be any Allowance made for different Meridians or different Times 
ef the Day, the Error here being of no Importance. 


III. The Deſcription and Uſe of the Table of the Right Aſcenſions, 
and Declinations of the Fixed Stars. 


This Table contains the Right Aſcenſions and Declinations of ſo many of the 
priacipal Fixed Stars, as are of a convenient Altitude for Obſervation in 
any 
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any Latitude from 60 Degrees North, to 60 Deg. South And whereas the 
Altitude of a Star can't well be taken at Sea (by any Inſtrument hitherto 
contrived) when it is above. 40 Degrees high, (becauſe the Stay and the 
Horizon ought to be both diſtinctly ſeen at the ſame time) I have ſet down 
an Eſtimate of the Stars Meridian Altitudes in whole Degrees, where the 
ſame does not exceed 40 Deg. in every 10* of Latitude, from 60*® N to 
60 S, whereby may be readily found which Star to chuſe for Obſervation, 
in any Latitude not exceeding the Limits of the Table. And for the readier 
finding which Stars come to the Meridian at a proper time for Obſervation, 
at all Times of the Lear; I have ſubjoined a Table, ſhewing the Right A, 
cenfion of thoſe Points of the Heavens which culminate on the 1 and 16th 
Day of each Month, at every two Hours of the Night, from 8 o'th' Clock 
in the Evening till 4 o'th' Clock in the Morning. 

'The firſt Column in the left-hand Page has the Names of the ſeveral 
Conſtellations ; and the ſecond Column ſhews the Parts of the reſpective Con- 
ſtellations wherein the Stars are placed, and thoſe Stars that have proper 

Names given them, are here expreſſed in Roman Capitals : the third Co- 
lumn is the Right Aſcenfion of the Stars in Hours and Minutes ; and the 
4th Column is their Declination from the Equator, both fitted to the Year 
1726, and for common uſe will very well ſerve without any Alteration, 
as far as the Year 1740: The fifth and ſixth Columns ſhew the Denomi- 
nation of the Stars Declinations, and their Magnitudes. 'The right-hand 
Page is divided into Columns for every 10 Degrees of Lat. from 60 Deg. 
North to 60 Deg. South; in which Columns are ſet down the Meridian 
Altitudes of the reſpective Stars, where the ſame does not exceed 40 Deg. 
or is leſs than 3 Degrees. 

The Table being thus explained, its Uſes as to find the Right Aſcenfions 
and Declinations of the Stars, &c. are ſelf-evident. I ſhall only add an 
Example or two, of finding which Star is propereſt for Obſervation in 
any Latitude, and at all Times of the Tear. 

Admit January 25th being ſomewhere near the Latitude of 50 Degrees 
North, it be required to make an Obſervation by ſome Fixed Star; I would 
know which Star is the propereſt for that Purpoſe. 

1. In the Table, entitled, A Table ſbewing the Right Aſcenſion of that 
Point of the Heavens, &c. I look for Jan. 25th, and finding it nor, I take 
the neareſt Number to it, which is Feb. x. and I find that any Sar whoſe 
Right Aſcenſion is not leſs than 5 Hours, or greater than 13 Hours, will 
be upon the upper Part of the Meridian ſome time between 8 o'th* Clock 
in the Evening, and 4" in the Morning. Then turning to the Catalogue of 
the Stars, I carry my Eye along the Column 50 North, until I come a- 
gainſt a Star whoſe Meridian Altitude is noted in that Column, and whoſe 
Right Aſcenſion is betwixt 5 and 13 Hours, and I find Srxivs to be a 
proper Star for my Purpoſe. Alſo, by the ſame Directions ſeveral other 
Stars will be found which will indifferently ſerve. 


2 3 Note, 
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Note, In finding the Time when any Star comes to the lower Part of 
the Meridian, you muſt count 12 Hours from its Right Aſcenſion, and then 
proceed according to the Rules above: Thus, if in the Example above it 
be required to find which of the Stars that come to the Meridian under the 
Pole, are convenient for Obſervation; by the Directions above, I find that 
the right Aſcenfon of ſuch Stars muſt be betwixt 17 and 1, then looking in 
the Column 50 N for ſome Star that has a * over it, and whoſe Right 
Aſcenſion is either greater than 17, or leſs than 1; I find that the Stars 
marked g, a, £ in Caſſiopea, alſo Fomarnaur, with ſome others, are fit 
for my Purpoſe. 

Note, For the better diſtinguiſhing of the Fixed Stars, and knowing 
their Situation one from another, I would recommend to the Mariner a 
Pair of Hemiſpheres publiſhed and fold by Mr. Senex ; wherein all the Stars 
contained in the Britiſh Catalogue, alſo the Southern Stars obſerved by Dr. 
Halley, are carefully laid down by their Right Aſcenſions and Declinations ; 
and alſo noted with Charatters, as in the preceding Table, whereby any 
Star may be eaſily expreſſed by the Letter of the Alphabet which is an- 
nexed to it. | 

How to find the exact Time when any Har comes to the Meridian, ſhall 
be ſhewed in the next Problem : alſo how to find the Latitude by the Meri- 


dian Altitude and Declination of the Sun, or of any Fixed Star, ſhall be 
ſhewed in the next Section. 3 


P R O B. IV. 


Of theſe three, viz. 1. The Right Aſcenſion of the Sun, 2. The Hour of 


the Day, and 3. The Right Aſcenſion of Mid-Heaven; any two being 
given, to find out the third. | 


CASES £; 


If the Right Aſcenſion of the Sun, and the Time ſauce Noon, 
5 given; their Sum will be the Right Aſcenſion of Mid. 
Aen. | | 


Examp, Admit the Sun's Right Aſcenſion to be 13* 40”, and the Time 
ſince Noon to be 6 15” ; the Sum of theſe two = 19® 55”, is the Right 
Aſcenſion of Mid-Heaven ; or the Right Aſcenſion of that Star or Point 
of the Heavens, which at that very Point of Time is upon the Meridian. 
Hence, knowing the Right Aſcenſion of the Sun, and the Hour of the Day 
(or Night,) we may find which Stars are then upon the Meridian; then 
comparing thoſe Stars with the ſame laid down upon a Pair of Hemiſpheres, 


or a Celeſtial Globe, we may eaſily learn to diſtinguiſh the Conſtellations in 
the Heavens, 
Note, 
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Note, If the Sum of the Sun's Right Aſcenfion, and the Time ſince Noon, 
ſhould exceed 24 Hours, you muſt ſubſtract 24" therefrom, and the Re- 
mainder will be the Right Aſcenſion of Mid- Heaven: Thus, if in the 
Example above, where the Sun's Right Aſcenſion was 13" 40, the Time 
ſince Noon had been 15 Hours, (or 3 0-Clock in the Morning) the Right 
Aſcenſion of Mid-Heaven would have been 4* 40”. 

This Caſe being thus explained, if the Right Aſcenſion of the Sun, and 
of Mid-Heaven, be given ; the Hour of the Day or Night may be eaſily 
found : Or, if the Right Aſcenſion of Mid-Heaven, and the Time ſince 
Noon, be given; the Right Aſcenſion of the Sun is eaſily had. | 


CASE 2, 


The Right Aſcenſion of che Sun at any time, and the Right 
Aſcenſion of a Fixed Star, being given ; to find at what Time 
(of the Day propoſed) that Star will be upon the Meridian. 


Subſtract the Right Aſcenſion of the Sun from the Right Aſcenſion of 
the Star, (borrowing 24 Hours if the Sun Right Aſcenſion be greater than 
the Star's) the Remainder, if under 12 Hours, is the Time of the Star's 
Culminating after Noon ; but if the Remainder be more than 12 Hours, 
ſubſtrat 12 therefrom, and the Reſidue will be the Time after Mid- 
night. 


Examp. Admit it be required to find the Time when Arpzzaran 


comes to the Meridian, November 10, 1729. 

The Star's Right Aſcenſion I find to be 4" 20”; and the Right Aſcenſion 
of the Sun at that Time is 15* 48”, which being ſubſtracted from 4" 20” 
+ 24 228 20”, gives 12" 32” after Noon, or 32 Minutes after Mid- night, 
the Time of the Star's coming upon the Meridian. 


CASE 3. 


The Right Aſcenſion of the Sun, the Right Aſtenſion of any 
Fixed Star, and the Quantity of Time that the ſaid Star is 
diſtant from the Meridian, being given; to find the Hour of 
the Night. 


The Latitude of the Place, the Declination and Altitude of any Fixed 
Star, being given; the Quantity of Time that the ſaid Star is diftant from 
the Meridian, (or the Hour-Circle paſſing through the Star) may be found 
by the laſt Problem, after the ſame-manner as the Hour of the Day was 
found by the Suu. Then, 


3 | Having 
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Having found the time of the Star's coming to the Meridian, (by the laſt 
Caſe) the Sum or Difference of that, and the Diſtance of the Star from 
the Meridian, according as the Caſe requires, gives the Hour of the Night. 
Thus, if on the 1oth of November, 1729, ALDEBARAN be obſerved to be 
2" 20" paſt the Meridian, the Time of the Night in this Caſe will be 3" 02" 
after Midnight; but if Aldebaran had been 2* 30 to the Eaſtward of the 
Meridian, the Time would have been 10" 02” after Noon. 


0. 


To find the Time of High. Mater in any Place, the =p of the 
Moon, and the Time when it flows at the New or Full Moon 
in the ſaid Place, being given. 


The 'Time of High-Water in any Place muſt be obtained by a Tide-Table, 
and the Age of the Moon is readieſt found by an Ephemerides ; but for want 
thereof, it may be found ſomewhat nearly as followeth : but firſt, you 
muſt find the Golden Number, and then the Epa#t for the given Tear. 

1. To find the Golden Number: Add 1 to the given Tear, and divide the 
Sum by 19, the Remainder (if any) will be the Golden Number ſought ; but 
if there is no Remainder, the Golden Number is 19. 

Examp. What is the Golden Number for the Year 1729? To 1729 J add 
1, and divide the Sum = 1730 by 19, the Remainder = 1 is the Golden 
Number ſought. | | 

2. To find the Epaft: Divide the Golden Number by 3, and multiply 
the Remainder (if any) by ro, the Product being added to the Golden Num- 
ber, the Sum of both, if it be leſs than 3o, otherwiſe the Exceſs above 
30 is the Epact ſought. Or, according to the following Verſe. 


Divide by 3, for each one left add 10, 
30 reject, the Prime makes Epatt then, 


Examp. For the Year 1729, the Prime or Golden Number has been found 
above to be 1, but becauſe 1 cannot be divided by 3, I add 10 to it, and 
the Sum = 11 is the Epact required. 

3. To find the Age of the Moon: To the Epact add the Day] January o 
of the Month, and alſo the Number in the Margin corre-| February 2 
ſponding to the ſaid Month; the Sum, if it be leſs than 30, March I 
is the Moon Age; but if the ſaid Sum exceed 30, ſubſtract 300 April 2 
rherefrom ſo oft as you can, and the Remainder will be the| May 3 
Age of the Moon that Day. June 4 

Examp. To find the Age of the Moon Novemb. toth, 1729. July 5 
The Numb. for the Month is 10, which added to the Epact] Auguſt 6 

8 


(for this Year) =11 makes 21, and this added to 10 (the Day | September 


propoſed) makes 31; rejecting 30, there remains 1, which is the] Oftober 8 
Age of the Moon the 10th of Nov. 1729. The Age of the Moon be- November 10 
ing thus found, the Day of the Change or Full may be eaſily had. F 10 


3 4. To 
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4. To find the Time of the Moon's coming to the Meridian: Multiply her 
Age by 4, and divide the Product by 5, and the Quotient gives Hours, and 
every Unit that remains is 12 Minutes more, 

Examp. Let it be required to find when the Moon comes to the Meridian, 
Novemb. 10th, 1729 ; the) Age at that time has been found above to be 
1 Day, but becauſe I cannot divide the Product of 1 into 4 by 5, I mul- 
tiply 4 by 60, (the Minutes in an Hour) and divide the Product (=240") 


by 5, the Quotient = 48 Minutes ſhews that the) is upon the Meridian 


at 48 Min. Afternoon. 


The reaſon why you are directed to multiply the Moon's Age by 4, and 
divide by 5, is, becauſe allowing the Moon 30 Days between Newand 
New, ſhe departs 48 Minutes, or + of an Hour each Day from the Sun. 


To find the Time of High-Water ii any Place, 


Having found the Moon's Age in the firſt Column of 


1 
the annexed Table, the Number right againſt it in the on : | Tides. 
ſecond, being added to the Hour of High-Water on |— —— 
the Change Day, makes the Time of High- Water, at 2 H. M. 
the Place and Time propoſed. s 
Novemb. 20th, 1729. Let it be required to find the | 2 17] 1 20 
Time of High-Water at London, where it always lows | 3 18| 1 52 
till 3 o-Clock on the Days of the New and Full | 4 19] 2 22 
Moon. | 5 20| 2 52 
The Moon's Age at that time will be found (by the | 6 21| 3 26 
Directions above) to be 11 Days; wherefore I look 7” 224 4 07 
for 11 Days in the firſt Col. and right againſt in the | 8 23] 4 55 
ſecond, I find 7" 59®, this being added to 3* gives | 9 24| 5 50 
11 0-Clock the Time of High-Water at London on the [10 25| 6 53 
Day propoſed. Or, otherwiſe thus: To the Time [II 26| 7 59 
of the Mcon's coming to the Meridian on the given [12 27] 9 04 
Day, (found as in the 4th Art. aforegoing) add the |13 28|10 08 
Time of High-Water in the given Place on the Day of [14 29|11 05 
the Change or Full, and take the Sum for the Time of [15 30112 2 


High-Water on the Day propoſed. But this Method 
is not ſo accurate as by the Table. 
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Der. 


Of Mathematical Inſtruments uſed at Sea for taking of Alti- 


tudes; and how to find the Latitude by the Meridian Alti- 
tude of the Sun or Fixed Stars. 


- 


Eleſtial Qbſervations are founded on theſe two Principles. 
C 1. That when many Circles are concentrick, if right Lines be drawn 
from the Center through their Circumferences, they ſhall divide them all 
after the ſame manner: Thus, if the Circles A Ba, DE, FGe be de- 
ſcribed from the ſame Center C, and the right Lines CA, CB be drawn; 
the Arches AB, DE, FG ſhall be like Parts of their reſpective Cir- 
cumferences, and contain a like Number of Degrees. 

2. That the Terraqueous Globe whereon we live, compared with the 
vaſt Diſtance of the Sun, is no more than a mere Point, (or rather the 
Earth ſeen from the Sun appears no bigger than a Point) and conſequent- 
ly with regard to Solar Obſervations, any Point on the Earth's Surface 
may very well be accepted for its Center, as alſo for that of the Sphere of 
the Fixed Stars ; whence, and from the preceding, the Center of every 
Inſtrument may be ſubſtituted as Center of the Heavens, and the Arch of 
any Inſtrument does inſpect the like Arch in the Heavens. 

You may farther obſerve, (ſince all Angles are meaſured by Arches of 
Circles) that all Iuſtruments for meaſuring of Angles, however they are 
framed or compoſed, muſt be ſo graduated as to ſhew the quantity of 
the Arch, or the number of Degrees contained between any two Lines 
drawn from the Center through the ſaid Graduations. 


The Antients uſed: divers Sorts of Inftruments for taking the Al- 


| titudes of Celeſtial Objects at Sea; as the Aſtrolabe, the Croſs or Fre- 


Staff, the Demi-Croſs, the Plow, and the Bow, Cc. but theſe (excepting 
the Fore-Staff) are now moſtly (if not wholly) laid aſide, and there- 
fore there is no need of giving any Deſcription of them here: The In- 


ſtruments that are now chiefly uſed at Sea, are theſe two, viz, the Qua- 
DRANT, and the FoRE- STAFF, 


I. Of the SEA-QUADRANT. | 


This Inſtrument was contrived by one Captain Davis, an Engliſh Man; 
in Queen Elizabeth's Time ; (whence by us it is often called Davis's 


Qua- 
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Quadrant, but by moſt Foreigners the Engliſh Quadrant) and is the 
principal Inſtrument now uſed at Sea: It conſiſts of two Arches a b, de, Fe 6. 
and three Vanes A, B and C. | 


I. Of the two Arches. 


The Radius of the Arch ab is commonly about 24 Inches, and former! y 
this Arch was made to contain 3o Deg. but now it is ſeldom made to contain 
above 25 Deg. Each of theſe Deg. are uſually ſubdivided either into 6 or 
12 equal Parts, each Part being accordingly either 10 or 5 Minutes: Alſo 
upon the Plane of this Arch are uſually deſcribed ſeveral concentrick Circles 
with Diagonal Lines, intended for dividing a Degree into leſſer Parts than 
the Diviſions upon the Limb; but this is a ſuperfluous Trouble, (and in- 
deed theſe Diagonals are ſeldom regarded by Mariners,) for even in moy- 
ing the Vane 100 there is ſcarce any ſenſible Difference made in the Obſer- 
vation. The Arch de is generally of about + the Radius of the other, and 
is now commonly made to contain 65 Degrees, both Arches together ma- 
king 90 Deg. whence the Inſtrument is called a Quadrant: this Arch is 
divided only to whole Degrees, and ſometimes only to every 5 er 10 Deg. 
theſe Diviſions being numbered from e towards d; and upon the other Arch. 
the Diviſions are numbered from à towards b; the Sum of the Diviſions 
upon both Arches, ſhewing the Diſtance of the Olject from the Zenith. 


II. Of the Vanes. 


The Pane A is called the Sicnr-Vans, and is made to flide upon the 
back of the Arch ab, ſo as always to ſtand perpendicular to the Plane 
thereof; in this Vane there is made a ſmall round Hole, to look at 
the Horix on, through a Slit made in the Vane C. The Vane B ſerves to 
caſt the Shade of the Sun upon the Vane C, and is therefore called the 
SuApE-VaNE; it is made to ſlide upon the Arch de, after the ſame man- 
mer that the Sight-Pane ſlides upon the Arch ab. The Vane C, called the 
Hox1zon-Vans, is made to ſtand upright upon the end of the Sf C, 
ſo that the flat Side next to 5, juſt touches the common Center of the two 
Arches ab, de. 

The Slit in the Horizon-Vane is always cut ſloping, ſo that the upper 
Edge of the Slit on the Fore- ſide of the Jane, (or that Side next to b) and The com- 
the lower Edge of the Back-fide, are directly in a +. Line, paſſing n Me- 


, hod 
through the Center, near the middle of the Quadrant; ſo that when the . 


Sight-Vane happens to be in ö, the Opening in the Horizon-Vane appears r Ton- 
ſo contracted, that you cannot ſee the Horizon ſo diſtin& as you ougtit to de is ab- 
do; and the ſaid Opening will appear wider or narrower, according as 2 ne 
the Sight-IVane is nearer to, or farther from a. This Method of ſliccing G7 
the Vane is evidently very inconvenient and abſurd, for the Reaſons given ;,;, Error. 


Aa above: 
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above: And what could be the Meaning of this cunning Artifice, is what 
I cannot conceive, except it be for an imaginary Conveniency of having 
two Centers to the ſame Inſtrument, that ſo the Qbſerver might make 
uſe of either Edges, or obſerve any where between them ; at leaſt I know 
that that is the common Notion of Mariners, and this leads them into 
Error more or leſs, according as they obſerve more or leſs open, (as they 
call it) or the Poſition of the Sighi-Vane is nearer to, or farther from a. 
Inſtead of cutting the Slit in the Horizon-Vaue, after the manner above 
deſcribed, the upper Edge thereof on the Fore- ſide of the Vane, muſt be 
made the fiducial Edge, (becauſe the Sky is quicker diſcerned than the Water) 
and ſo that it may be exactly 1 to the Center of the Inſtru- 
ment, and the upper Part of the Vane, on the Back- ſide, floped down 
quite to this Edge; then the lower Part of the Slit muſt be made ſuffi- 
ciently wide from the upper, (for the lower Edge is never to be regarded) 
and cut either ſquare-wiſe or ſloping downwards, ſo that it may at all 
times appear wide enough from the upper Edge, (which is perpendicular 
to the Center:) Or, the lower Part of the Vane may be cut quite off, ſo 
as not to have any ſlit at all. I have uſed another ſort of Horizon-Pane 
with good ſucceſs ; this Vane had a wide Opening in the middle, and a 
ſmall String therein fixed perpendicular to the Center of the Quadrant, ſo 
that in time of Obſervation the String was made to cut the Horizon, i. e. 
ſo that nothing but Water appeared below the String, and Sky above it. 
Note, When you obſerve by the upper Edge of the Shade-Vane, (as it is 


in uſing the cuſtomary to do) the Shadow is terminated by a Ray proceeding from the 


Shades 
Vane. 


Fig. 10. 


upper Part of the Sun's Disk, (and not from its Center) and therefore the 
Sun's Altitude is repreſented more than it really is, by the Quantity of 
his apparent Semi-diameter, which generally is about 16/, and conſequent- 
ly the Zenith Diſtance is 16 too ſmall ; wherefore to the Zenith Diſtance 
upon the Quadrant you muſt add 167, and the Sum will be the true Zenith 
Diſtance of the Sun's Center. On the contrary, if Pr obſerve by the 
lower Edge of the Shade-Yane, (or the Edge next to d) then it is the lower 
Part of the Sun that determines the Shadow; therefore (in that Caſe) you 
muſt ſubſtract 167 from the Zenith Diftance upon the Quadrant, and the 
Reſidue will be the true Zenith Diftance required. The reaſon of this 
may be eaſily made appear, thus: | 
Let abc be the Sun, and AB a Gnomon erected perpendicular to the 
Horizon, (H O;) (the end whereof B may repreſent the upper Edge of 
the Shade-Yane) then is the LA cB the Altitude of the Sun's Center, and 
the LAaB the Altitude of his upper Limb; but becauſe the Space be- 
tween the Lines c B, a B, is ſomewhat enlightned by the upper Part of the 
Sun, the dark Shade of the Gnomon AB reaches no farther than the 
Point a, where it is defined by the Ray aa proceeding from the upper 
Limb of the Sun. Whence, the Converſe, or that the Shadow of the lower 
Edge of the Hade-Vane is defined by a Ray proceeding from the lower 
Edge of the Sun, is likewiſe evident. 
| There 
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There is alſo another Vane commonly fitted to the Quadrant, called the 2547 .;, 
Glaſs-Vane, having a ſmall double Convex-G/aſs fixed in it, which con- Glaſ-vane 
tracts the Sun's Rays, and caſts them in a ſmall bright Spot upon a little is prefera- 
Circle made upon the Horizon · Jane; this Spot being made by all the Solar - 4 * 
Rays contracted together, correſponds to the Center of the Sun, and is ſo — 1 
clear and conſpicuous, that even in hazy Weather the Sun's Altitude may 
be taken; and in clear Weather the Spot is more conſpicuous than the 
Shadow, which at beſt is hardly defined, (as plainly appears from a due 
Conſideration of the Figure above deſcribed ;) ſo that it ſeems ſtrange 


to me. (fince ſo good an Improvement has been made in the Inſtrument) 
that People ſhould regard the Shadow at all. The Edge of this Vane is 


likewiſe ſo cut, that it may be uſed as a Shadow-Vane, ſo that there is no 
neceſſity for that plain Piece of Wood called the Shade-Vane ; but if inſtead 
thereof, there ſhould be fitred another Glaſs-Vane, having its Glaſs of a 
larger Size than ordinary, the Inſtrument would be very much improved ; 
for then an Obſervation might be taken in ſuch hazy Weather, that the 
common Glaſſes prove of no effect, as I have myſelf experienced. 

Note, Upon the back of the Arch de, there is commonly drawn Lines 
for every 5 Degrees, about 5 Deg. higher than their correſpondent Lines 
upon the Side, intended for placing the Shade-Vane thereto, in order to ſave 
the trouble of allowing for the Sun's Semi-diameter : But I never knew 
any allowance made, or theſe Lines regarded by Mariners when they uſe 
the Shade-Vane ; but they generally place the Shade and Glaſi-Vane in the 
ſame Place ; and ſome I have known to place the Glaſs-Pane where they 
ought to place the Shade-Vane, (inſiſting on their being right, becauſe they 
always uſed to do ſo, and that they had been at Sea ſeveral Voyages) 
thereby making + deg. Error in each Caſe, the one making the Latitude 
4 deg. more than the Truth, and the other 4 deg. leſs. Whence we 
may judge of the Exactneſs of Obſervations made at Sea, and how much 
in ſuch Caſes People are improved by their Experience. I preſume none 
will judge the above Remarks to be trifling, at leaſt they do not appear 
ſo to me, ſince they are concerned in one of the moſt important Articles 
in the Art of Navigation. 


To obſerve the Sun's Altitude by the common Sea-Quaarant. 


Having put the Horizon-Pane upon the upper End or Center of the 
Quadrant at C, the Shade or Glaſs-Vane upon the Arch de, (to a number 
of Degrees leſs than you judge the Zenith Diſtance will be, by 10 or 
15 Deg.) and the Sight-Vane upon the Arch ab; then turning your Back 
towards the Sun, lift up the Quadrant and look through the ſmall Hole in 
the Sight-Vane, and ſo raiſe or lower the Inſtrument till the bright Spot 
coming from the Glaſs-Vane, falls upon the ſmall Circle correſponding 
thereto upon the Horizon-Vane ; if then, at the ſame time, the upper 

Aa 2 Edge 


180 


NAVIGATION. Chap. III. 


Edge of the Slit in the Horizon-Vane every where cuts the Horixon, the 
Ouadrant is perpendicular and duly elevated, and the Obſervation is fi- 
miſhed. But if the Sea appears inftead of the Horizon, then remove the 
Sight-Vane lower towards a; and if the Sky appears inftead of the Hori- 
Ton, you muſt ſlide your Sight-Vane a little higher; and ſo continue re- 
moving the Sight-Vane till the upper Edge of the Slit of the Horizon-Vane 
cuts the Horizon, and the bright Spot proceeding from the Glaſs-Vane falls 
on its proper Place: Then look how many Degrees and Minutes are cut 
by that Edge of the Sight-Vane which correſponds to the Sight-Hole, and 
to them add the Degrees that are cut by the upper Edge of the Glaſs- 
Vane; and the Sum 1s the Zenith Diſtance or Complement of the Altitude 
requiied. 

3 to find the Sun's Meridian or greateſt Altitude, you muſt be ſure to 
begin your Obſervation ſome time before Noon; and then continue ob- 
ſerving ſo long as you ſee the Altitude increaſe, which you'll perceive by 
having the Sea appear (at the repeating of the Obſervation) inftead of the 
Horizon, removing the Sight-Vane lower; but when you ſee the Sky appear 
inſtead of the Horizon, the Altitude is diminiſhed, therefore deſiſt from ob- 
ſerving farther at that time, and add the Degrees and Minutes given upon 
the two Arches together, and the Sum will be the Meridional Zenith Diſtance, 
or the Complement of the Sun's Meridian Altitude required. 

But if you regard the Shade and not the Spot coming through the Glaſs, 
(which I would not adviſe any body to do, for the Reaſons given above) 
you muſt hold the Quadrant ſo that the ſaid Shade may fall along the upper 
Edge of the Slit in the Horizon-Vane, and alſo that the Shade coming from 
the top of the Vane may fall exactly upon the Croſs-Line upon the Hori- 
zon-Vane : then if you ſee the Horizon cut by the upper Edge of the Slit 
in the Horizon-Vane, the Obſervation is rightly made; if not, you muſt 
move the Sight-Vane as before directed. And the Sum of the Degrees 
and Minutes given upon both Arches, will be the Zenith Diſtance or Co-Alti- 
tude of the Sun's upper Limb, to which you muſt add 15 or 16 Min. and the 
Sum will be the Co- Altitude of the Sun's Center. If you have a Horizon- 
Vane with a Thread in the middle of the Slit, and perpendicular to the 
Center of the Quadrant, that Thread muſt cut the Horizon, and the Shade 
fall along the middle of it; or the Spot upon a little Circle deſcribed upon 
the Horizon-Vane, as before. | 


I take it, that it would be a good Improvement upon this Inſtrument, 
if there ſhould be ſmall Bars of Braſs fixed on the Arch de, at 10 or 15 


Degrees diſtance from each other, and a Groove made in the bottom of 


_ the Glaſs-Vaue, ſo as to exactly fit the laid Bars; then flipping the Groove 


upon theſe Bars, (according as you judge the Co- Altitude to be) you'll be 


5 that the Fane is rightly fixed, and not liable to move out of its 
lace. 


Note, 


Sect. 3. Of Finding the Latitude. 


Note, 1. Becauſe the Eye of the Obſerver is always 
above the Surface of the Sea, the Apparent Horizon 
muſt be lower than the true Horizon, (paſſing thro' the 
Eye) and conſequently the Alritude muſt be made 
more than it really 1s, and the Zenith Diſtance ſo much 
leſs ; and this Error will be greater or leſs, accord- 
ing to the Height of the Eye above the Water, which 
being known, the Dip may be found by the annexed 
Table: thus, if the Height of the Eye above the Sur- 
face of the Water be 20 Feet, the Dip of the Horizon 
will be 5“, and ſo much muſt be added to the Ze- 
nith Diſtance found by the Quadrant, in order to ob- 


tain the true Zenith Diſtance, In common Practice indeed it is not very 
material whether this Allowance be made or not, yet is it ſtill better to 


keep as near the Truth as we can. 


/ 
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Height of Allow. 
the Eye. | ance. 
Feet. Min. 
I 8 
6 3 
I2 4 
20 5 
30 6 
40 7 
Jo 3 


The fore- mentioned Table may be calculated as followeth; 


Let D E be the Diameter of the Earth, CD = CA its Semidiameter, Fig. 9. 


and B D the Height of the Eye above the Surface of the Y/ater, then will 


A be the Point where the Sky and the Vater ſeem to meet; let | 
rallel to D A (which becauſe of the Smallneſs of the Arch, may in this ; 
Caſe be taken for a right Line,) then is the £ A Bb the Dip of the Hori- 
Lon; to find which by Calulation, in the right C A CAB, right C at 
A, are given the Side C A equal to the Semidiameter of the Earth, and 


the Side CB (SCD+ DB) equal to the Semi- 
diameter of the Earth, together with the Height of 
the Eye above its Surface; whence to find the £ B, 
it will be, CB: CA:: R: S.B ; the Complement 
whereof is AB6b the Dip required. After the ſame 
manner B A the Semidiameter of the Apparent Horizon 
may be eaſily found, if required; or, BA may be 
otherwiſe found by this Theorem, viz, BEB D = 
4 q (Euclid 36. III.) therefore * BE x BD = 
BA. 


Note, 2. The Refraction of all heavenly Bodies (oc- 


caſioned by the Denſity of the Armoſphere, or thick 
Vapours of the Air) makes them appear higher than 
they really are, eſpecially when they are near the 
Horizon; therefore, when you have found the Ze- 
nit Diſtance, add thereto the Refrattion, (or ſub- 
ſtract it from the Altitude) which according to the 
Obſervations of Mr. Flamſtead is (in our Latitude) 
as in the annexed Table : chus, if the Zenith Diſtance 
be 75 Deg. the Refraction is 3 Min. which added to 
75? makes the true Zenith Diſtance 75% 3. Azain, 
ſuppoſing the Obſerver's Eye to be 20 Feet above the 


B be pa- 


Zenith Refrac- | 
Diſt. | tion, 
Deg | Min. 

| 
90 33 | 
89 $35 
83 | 177 
8&7 | uy } 
86 Io> . 
85 8+ 
84 7; 
83 6 
82 * 
81 5 
80 * 
79 4 
T3. * 
75 3 
70 24 
60 | 7 
bat I 
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Surface of the Sea, and the Zenith Diſtance obſerved by the Quadrant to 


be 75 Deg. the true Zenith Diſtance (allowing for Refraction and Dip of the 
Horizon) will be 75 o8/. And after the fame manner muſt be allowed 
for Refraction and Dip in all other Caſes, according to what is given in 
theſe two little Tables ; only, you may note, that when the Zenith Diſtance 
is leſs than 50 Deg. (or the Altitude greater than 40 Deg.) the Refraflion in 
a manner ceaſes, and there needs no allowance be made. 

It is upon the account of the Ręfraction, that a Stick when one end is 
plunged into Water, the other remaining in the Air appears crooked ; the 
Part which is in the Water appearing higher than it really is, becauſe the 
Rays proceeding from that Part meet with a greater Reſiſtance, and 
therefore are more bent towards the Perpendicular to the Plane upon 
which they fall; and for the ſame reaſon the Sun (in our Latitude) ap- 
pears totally above the Horizon, when his upper Limb is really below 
_ 


U. Of the Common FORE-STAFF. 


The Fore-Staff (as commonly made) conſiſts of a ſtrait Square gradu- 
ated Staff, of about 3 Feet in length, having four Crofſes or Vanes; the 
firſt and ſhorteſt is called the Ten Croſs or Vane, and belongs to that Side 
of the Staff where the Diviſions begin at about 3 Deg. proceeding towards 
the Eye or Flat end to 10 Degrees. The next longer is called the Thirty 
Croſs or Vane, and belongs to that Side of the Staff where the Diviſions 
begin at 10 Deg. and end at 30 Degrees: The. next to this is called the 
Sixty Croſs or Vane, and belongs to the Sixty-Side of the Staff, or where 
the Diviſions begin at 20 Deg. and end at 60 Degrees: The longeſt Croſs 
is called the Ninety Croſs or Vane, and belongs to that Side where the Di- 
—4 begin at 30 and end at 90 Degrees, called the Ninety Side of the 
Staff. 

The chief Deſign of this Inſtrument is for taking the Altitudes of the 
Stars, and the ſeveral Croſſes are to be uſed according as the Altitude is 


greater or leſs ; that is, if it be leſs than 10 _ the Ten Croſs muſt be 
8 


uſed ; but if it be greater than 10 Deg. and le 


than 30 Degrees, uſe 
the Thrity Croſs, &c. 


The Manner of obſerving an Altitude with the Fore-Staff. 


Having placed a proper Vane upon the Staff (according as you judge 


the Altitude to be,) put the Square-end thereof to the Corner of your 
Eye, as near as you can without hindering your Sight, and look at the 
upper End of the Croſs for the Center of the Sun or Star, and at the lower 
End for the Horizon, (holding the Staff as near as you can, ſo that — 
Croſs 


— 4 * a * 
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Croſs may lie in the Vertical Circle, paſſing thro' the Eye and the Object.) 


If you ſee the Sky inftead of the Horizon, you muſt draw the Croſs a little 


nearer to your Eye; but if you ſee the Sea inftead of the Horizon, put the 
Croſs a little farther from your Eye; and ſo continue moving or removing the 
Croſs, till you ſee the Sun or Star's Center exactly over the upper End of the 
Croſs, and the Horizon by the lower End er : then the Deg. and Min. 
cut by the inner Edge of the Croſs upon the Side of the Staff peculiar to that 
Eroſs, is the preſent Altitude of the Sun or Star. But if you are to 
find the Meridian Altitude, you muſt continue your Obſervation ſo long 
as you find the Altitude increaſe, ftill drawing the Croſs nearer to your 
Eye; but when you find the Altitude is diminiſhed, (which you'll diſ- 
cover by ſeeing, at repeating the Obſervation, the Sea appear inſtead of 
the Horixon,) you muſt leave off obſerving for that time, and the Degrees 


and Miuutes on the Side proper to the Croſs, is the Meridian Altitude re- 
quired. 


The Inftrument above deſcribed is very incommodious, and alſo liable Thar rhe 


to Error: For, 1. becauſe the Vanes are made to ſlide towards or from — 
ore-Staff 
is incom- , 
"0 - ICH: modious, 
as the Breadth of 1 Min. in ſome other Places; and this continual Alteration and liable 


in the Radius from about 30 Inches till about 8 or 9 Inches, is certainly “ Error. 


the Eye, the Radius is continually altered, and this Difference is ſo great, 
that the Breadth of a Degree in ſome Places upon the Staff is not ſo much 


a very great Defect and Inconveniency in the Inſtrument, and more eſpe- 
cially for obſerving at Sea, where it often proves an advantage to be well 
acquainted with the Radius of the Inftrument, becauſe then we are better 
able to judge how much (or what Part of a Degree) the Srar or the Ho- 
rizon is diſtant from the Edge of the Vane, when (by reaſon of the toſſing 
of the Ship) it is very difficult to bring the Inſtrument into its due Poſition. 
2. The manner we are cbliged to hold this Inſtrument being ſideways 
from the Eye, and then look (as it were) ſlanting over the Croſſes, is very 
aukward and unnatural ; for certainly in all Obſervations, the Iuſtrument, 
or that Part of it which carries the Sights ought to be 1o contrived, as 
to be held directly betwixt the Eye and the Object. Laſtly, it is very 
difficult to place the Staff ſo that the Eye may anſwer exactly to the Cen- 
ter, (for the Eye cannot be brought into the Center, which ſhould be done ;) 
bur to prevent this Error as much as can be, you muſt place two Vanes 
to the ſame number of Degrees upon their correſpondent Sides, then move 
the Staff higher or lower abour the Eye, until you ſee the upper Ends of 
both Croſſes in the ſame right Line, and alſo their lower; and that muſt 
be the Poſition of the Sraff in all Obſervations : but this is very difficult 


to be done, as well as uncertain when you ufe only one of the 8 


I need not here take notice of the Inconveniency of having ſo many Croſſes, 
(and ſo many Setts of Diviſions upon the Haff,) and of the difficulty of 
making them to ſlide ſo as to keep always perpendicular to the Plane of 
the Staff; theſe things indeed being not of ſo much Conſequence, (though, 
{till a Defect) as thoſe above-mentioned, 


3 Having 
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Having thus ſhewed the Defect and Imperfection of the common Fire- 


Staff, I ſhall next give the Deſcription of a new one, which is liable to 


none of the Inconveniencies above noted. 


The Deſcription of a new FOR E-STAPF. 


This Inſtrument conſiſts of a flat Staff A, and one Croſs or Tranſum B; 
the Staff may be made of about 2 Foot long, 1 4 Inch wide, and about ? 
Inch thick ; that Part which is ſhaded repreſents the ſolid Part of the 
Staff, and the light Part reaching from a to h, a Piece taken out, or rather 
bevelled down on both Sides to a fine Edge near to a. The Part a is a 
Sight-Vane, the light Part in the middle repreſenting a ſmall Hole to 
look through in time of Obſervarion; d is that Part of the Staff, where- 


on the Tranſum (B) is fixed; e the Handle to hold the Inftrument by, 


which is alſo made to ſlide upon the Staff, ſo as to be. brought 'to ſuch 
a Poſition as may be judged moſt convenient. The Tranſum B conſiſts 
of two ſquare Rulers (of about the thickneſs of the Staff) faſtened toge- 
ther at both Ends, and likewiſe at the Middle, -(here repreſented by that 
Part which is ſhaded;) the white Part in the Middle repreſents a void 
or an empty Space, wherein are two ſliding Vanes c and d, each guard- 
ed on the back by ſteel 2 to keep them ſteady. The Vane c (be- 
ing in the upper Part of the Tranſum) may be called the Objet# Vane, and 
the Vane d the Horizon-Vane, (becauſe the lower Edge thereof is to cut 
the Horizon,) one of the Rulers is divided into Deg. and the Trauſum is 
made ſo long as to contain 40 Deg. (being the greateſt Altitude that can 
well be taken by an Inſtrument of this kind, where both the Obje& and 
the Horizon ought to be diſtinctly ſeen at the ſame time ;) and theſe De- 
grees are numbered upwards and downwards from the Middle; the 
lower Part of the Ruler (below a) being divided only to whole Degrees, 
but the upper Part is divided to every 1o Min. (or it may very well be 
divided to every 5/ if required.) You may obſerve, that the Vane c has 
an oblong Hole in the Middle, wherein is fixed a Braſs Wire, for cuting 
the Object in time of Obſervation, or the Object may be cut by either 
of the Edges of the Jane, as you judge moſt convenient; 6 repreſents a 


ſmall Slip of Braſs intended for an Horizon-Vane, when the Altitude is 


leſs than 6 Degrees, (becauſe no leſs an Altitude than 6* can be taken 
by the two Lanes c and d;) by which an Altitude may be taken of a ſin- 
gle Degree, or leſs, (which cannot be done by any Ihſtrument hitherto 


contrived,) and which may be of good uſe for taking the Sun's Altitude 
when he 1s near the Herixon. 


In time of Obſervatibn the Tranſum is fixed on (the Part d of) the 


Staff, (ſlipping into the white Part oppoſite to a, in the Tranſum) in ſuch 
a manner that the Staff and the Tranſum are exactly at rigut Angles to 


each other, (being forced into that Poſition by a Guard placed on the 
back 


ao 


* 


that Edge of the other Vane, which was made to cut the Qbjet 


\ 
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back of the Tranſum) the flat Sides of the Staff, exactly facing the flat or 


broad' Sides of the Tranſm. 


There needs no Directions to be given here for graduating this Inftrument, 
the Line of Degrees being evidently a double Line of Zangents, one on each 


fide the Middle (a,) the Radius being the Length of the Sraff but it may 
be here noted, that there is ſome nicety required in placing the Sight-Fane 
in its due Center or Focus; but of that I ſhall give proper Directions to 


the Inſtrument-Maker, whom I ſhall employ for making this Inſtrument. 


To obſerve an Altitude with this Inſtrument. 


N placed the lower Edge of the Horizon-Vane (d) to ſome even 


Degree, (aceording as you judge convenient) gake hold of the Handle (e) 
and place the Center (a) of the Saff cloſe to your Eye ; then turn your 


Face towards the Ohjef?, (holding the Inſtrument as upright as you can) 
and look either over the upper Edge, or under the lower Edge of the 


Objet-Vane, (as you think fit) for the Object; then if you ſee the Sky in- 


ſtead of the Horizon, move the Objeti-Pane a little higher, but if you ſee 


the Sea inftead of the Horizon, moye the Objefi-Pane a little lower, and 
ſo continue moving this Vane upwards or downwards, till one Edge of it 
cuts the Object, and the lower Eage of the HorizonFane cuts the Horizon - 
Then the number of D 
Hhrizon-Vane, being added to the Degrees and Minutes . . to 

„(having 
allowed for Refrattion, &c. as before directed in uſing the Quadrant) 1s 
the Altitude required. Or, you may make the Hire in the Middle of the 
Objeti-Vane to cut the Star, then (upon the leaſt Motion of the Ship) you'll 
have the advantage of ſeeing the Star (as it were) playing both above and be- 
low the Wire, which is a conſiderable help for rectifying the Inſtrument; but 
this indeed cannot be done but in a very clear Night. To find the Meridian 
Altitude, you muſt continue yo Obſervation ſo long as you find the 
Altitude increaſe, which you'll diſcover by ſeeing (at the repeating of the 
Obſervation) the Sky appear inftead of the Horizon, If the Altitude be 
leſs than 7 Deg. you muſt make the lower Edge of the Croſ5-bar b to 
cut the Horizon, and the lower Edge of the Vane c to cut the Object; then 
the number of Degrees and Minutes cut by the ſaid Edge (of the Vane c) 
will be the Altitude required. 


When the Sun's Altitude exceeds 12 or 15 Deg. the beſt way for taking 


it (if he ſhines out bright) is by the Sea-Quadrant ; but when the Sun is 
lower than 12 or 15 Deg. this Fore-Staff is a very good Inſtrument for 
taking his Altitude ; (and I believe much better than any other hitherto 
contrived) thus, making the lower Edge of the Croſs-Bar b to cut tue Hori- 
Zorn, let the lower Edge of the Objefi-Pane (c) cut the lower Edge of the 
Sun, (for ſo you'll preſerve your = from the Splendour of his * 3 

then 


s correſponding to the lower Edge of the | 
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then add 15“ to the Number correſponding to the lower Edge of the 04- 
jeti-Vane, and the Sum (after you have allowed for Refraction and the 
Height of the Eye above the Surface of the Water,) will be the Altitude 
of the Sun's Center, Thus the Sun's Altitude may be taken when his 
Center is not above 40/ above the Horizon. 5 e L 9113 ahi 
Having thus explained the Uſe of this Inſtrument, and having before 
ſhewed the Defect and Inconveniency of the common Fore-Saff ; I pre- 
pw that the Advantage of the one above the other, appears very evi- 
ent. 


The Alma- For taking the Sun's Altitude forwards, ſome uſe an Inftrument which 


— A they call an Almacanter's Staff : This Inſtrument is nothing elſe but the 


fit Inftru- common Sea-Quadrant, omitting the Arch de, having on the Arch ab two 


ment fer Vanes, and on the Center is fixed a Vaue having a ſmoaky or coloured 
= *4- Glaſs in the Middle, intended to preſerve the Sight from the Rays of the 
Sun; but the ſaid Glaſs being put in the Sight-Pane, makes the Horizon 
appear ſo dull, and (as it were) hazy, that you can hardly perceive it, 
which renders the Inſtrument very unfit for Obſervation : And indeed the 
common Sa- Quadrant would be much more handy for this Purpoſe than the 
Almacanter s Staff, if there was but a Sight-Vane fitted to the Center, which 
would be ftill an Improvement upon this Inftrument. Bur, I think, for 
finding the Sur's Altitude forwards, the Fore-Staff above deſcribed is much 
preferable to either the Quadrant or the Almacanter*s Staff. 
— Eel Being I am about deſcribing of the Mathematical. Inſtruments now uſed 
i: impey. at Sea, it may be expected that I ſhould ſay ſomething of the Noctin nal: 


fe# and This Inſtrument is commonly uſed by Mariners, and is deſigned for find- 


erroneous. ing the Hour of the Night, and the Altitude or Depreſſion of the Pole-Star, 


above or below the Pole; but it happens to be ſo imperfect as not to an- 
ſwer either of theſe Particulars. In order to find the Hour of the Night 
thereby, it muſt be held in the Plane of the Equinottial, and the Index 
brought to the ſame Hour- Circle with ſome known Star near the Pole; or 
as the Inſtrument is commonly made, the Index muſt be brought to the 
ſame Hour-Circle with either the Pointers of the great Bear, or the fore- 
moſt of the Guards of the little Bear. 1. For holding the Inſtrument in the 
Plane of the Equinoctial, you have no other Guide than to look through 
a Hole made in the Middle of a thin Plane, and in this Caſe you may 
err even half a ſcore Degrees, both in the Direction towards the North, 
and in the Elevation above the Horizon ; and again, you are liable to err 
as much in not holding the Handle and Top of your Inftrument in the Plane 
of the Meridian, and alſo in not putting the Index to the ſame Hour-Circle 
with the Star ; for in all theſe Caſes you have in reality no other Guide 
than your own Gueſs, and confequently your Qbſervation mult needs be 
very uncertain: and I cannot help thinking, but that a better gueſs might 
be made without the Inftrument, than with it. The next thing propoſed 
by the Nocturnal, is, to find the Height or Depreſſion of the Pole Star 
above or below the Pole; in order to which, the Hour- Circle W the 

ore- 
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fore - mentioned Stars are at that time, muſt be found; or, in the Sea-Phraſes 
their Bearings : but that we have already ſhewed to be impracticable by 
the Nocturnal. But even granting the Hour to be known, the Mariner 
will be ſtill vaſtly deceived by the Nocturnal: now in uſe; for upon theſe 
Inſtruments (if they may be called ſuch) the Diſtance of the Pole-Star from 
the Pole, is made 20 Minutes more than it really is at preſent, and con- 
ſequently thoſe that depend upon them muſt be vaſtly deceived in finding 
their Latitude ; ſuppoſing the Altitude of the Pole-Star to be rightly taken. 
Again, ſuppoſing the Numbers upon the Nocturnal were rightly calculated 
for the preſent time, they'll not anſwer but for one Latitude, and in ſome 
Places they may deceive the Qbſerver very conſiderably; and therefore thoſe 
that deſire to find the Latitude by the Pole-Star, when it is upon different 
Hour-Circles, ought to have not only ſome better Contrivance 2 a Noctur- 


nal, but alſo Tables calculated for the ſeveral Latitude, wherein they de- 


ſign to obſerve, with Variations to make them ſerve for time to come, 
(for the Pole- Star continually approaches the Pole;) which would be too 
great a trouble for ſo little a Purpoſe, eſpecially becauſe the Pole-Star is 
not of a convenient Altitude for Obſervation but in few Latitudes, © 
The beſt way for finding the Latitude, (eſpecially at Sea where Ob- 
ſervations are very imperfect) is by the Meridian Altitude and Declination 
of the Sun or Fixed Stars ; which how to do, comes next to be ſhewed. 


How to find the Latitude by the Meridian Altitude ( or Se. 
nith Diſtance,) and the Declination of the Sun or Fixed 
Stars. 


189 


That the reaſon of the following Rules may the more eaſily be under- Fig. 11,12, 
ſtood, the Marginal Schemes are added; in each of which, the Circle 13,14, 15. 
EP Qs repreſents the Meridian, HO the Horizon, Z the Zenith, and 16, & 17. 


N the Nadir, AQ the Equinoctial, P the North Pole, S the South Pole, 
and de a Parallel of Declination; H the South Point of the Horizon, O the 
North Point, Hd or Od the Meridian Altitude, Z d the Meridional Zenith 
Diſtance, Æ Z the Latitude =O P or HS the Pole's Elevation. Theſe 
things being thus explained, the three firſt Rules are. ſelf-evident, and 
need no Examples. 22 | | 


I. If the Sun or Star have no Declination, the Meridional 


Zenith Diſtance is the Latitude ; and if they come to the Me- 
ridian due South, the Latitude is Northerly; if due North, the 
Latitude is Southerly. 55 


II. F the Sun or Star be in the Zenith, the Latitude is equal 


to the Declination, and on the ſame Side. 


. III. If 


N 


| 
| 
| 
| 
| 
| 
þ 
| 


Fig. 11. 


Fig, 12. 


Fig. 13: 


Fig. 14. 


Fig. 15, 


Fig. 16. 


Place is fituated under the Equator. 


are both the ſame Way, their Difference is the Latitude 3 and | 
if the Declination be Li * 7 than the Zenith Diftance, the 


Latitude is on the Us 


5 


NAVIGATION 


Chap: ut: 
== Tf the Declination and Z enith Diftance are both 
and of the ſame Denomination, the Latitude vaniſber 3 


the | 
IV. If the Meridional Zenith Diftance and the Declination; 


e! Side, that the a is 


of 
'Examp. 1. The Declination North 22* 3" A d 
BW 4 The Zenith Diſtance North 6 15 Zd 
The Latitude North 16 15 ZE=QP 
Examp. 2. The Declination South 46 40 KE Ad 
The Zenith Diſtance South 12 30 Zd 
Fhe Latitude South 33 50 ZE= HS 
Examp. 3. The Zenith Diſtance South 62*4d) 7d 
The Declination South ir 10 Ed 
| The Latitude North 5: 30 ZE OE 
Doane. 4. 'The Zenith Diſtance North 40* 25/ Z d 
The Declinat ion North 18 30 Ed 


The Latitude South 21 55 ZE =HS 


V. if the Declination of the Sun or Star be North or South, 
and the Zenith Diftance be on the contrary Side, the Sum of both 
9 488 the Height of that Pole, that the Declination is to- 
Wards 


Examp. 1. The Zenith Diſtance South 3080 Z 4 
| IT ble Declination North 20 40 KED 


The Latitude North 5 1 30 ZE = OP 


Examp. 2. The Zenith Diftance North ' 16 0 Z d 
The Declination South | 30 45 KEA 


The Laude n 35 K = H 8 
r | * 
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$6.3, Of Finding ale Latitude 

N B. If the Declination be greater than the Meridian Altitude; and 
(both) on the ſame Side, then — Sun or Star may have two Meridian Al- 
titudes in 24 Hours, the one above: the Pole, and the other below it. Or, 
let the Meridian Altitude and Declination be which way ſoever, if the Me- 


ridian Altitude and twice the C- Declinatian be leſs than 180 Deg. the Sun 
or Star will tranſit the Meridian above the Horizon twice in 24 Hours. 


VI. Men the obſerved Objet? bath two' Meridian Altitudes, 
7 the ſaid N be upon the Meridian * 2 the Pole, the 


42 3 of the Meridian Altitude and the Co-Declination, is 
ED; Jeight of the Pole towards which the Declination is. 


Examp. I, The Meridian Altitude below the Pole  12*2/ Oe rig. 17. 


2 el o'N. CR: FRA 24 30. Pe 
++ + Thi Latitude North 36 50 50 OP 


Eramp. 2. The Merid. Ak. berwixt the Pole and the Zen, 61*2& O 4 
The Declination 65* 30' its Complement 24 30 Pd 


The Latitude North 36 50 OP 


NB. If the greateſt Meridian Altitude be of a contrary Side to the 
Declination, the Latitude 18 found as in the Ve Precept. 
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Practical Navigation. 


Of the Methods uſed at Sea for eftimating 


the Courſe ſteered and the Diſtance run; 


Of Finding. the Variation of the Com- 
paſs; the Manner of keeping and cor- 
recting a Sea-Journal. 


—— 


r 
Of the Mariners Compaſs, and the Log-Line, (being the Inſtru- 


ments uſed at Sea for eſtimating the Courſe and the Diſtance 
run) of finding the Ship's Drift or Lee-Way. 


I the MARINER'S ComMpass. 


HE Mariners Compaſs is an Inſtrument conſiſting of a Card and two 
Boxes; the Card repreſents the ſenſible Horizon, and is divided into 
32 equal Parts called Points, as has been ſhewed in Sect. 3. of Chap. I. 
Underneath the Card is fixed a Steel Needle having a Braſs Cupola or hollow 
Center in the middle, which being placed upon the end of a fine Pin, the 
Card may eaſily traverſe round about ; the Needle is touched with a Load- 
ſtone, which gives it a Property of keeping itſelf in the Meridian, (the 
Deviation from it not to be here conſidered.) | 
This Card or Fly is put into a round Box (fitted for it,) having a Pin 
erected in the middle, upon which the Center of the Needle or the Hollow of 
the Cupola is placed; alſo the Card is ſo poized that it may lie horizontal 


in 


N 
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Sect. 1. Of Eſtimating the Ship's Way. 191 
in the ſaid Box, and vibrate freely according as the Vertue of the Touch 
ſhall lead it. | | 

The Box wherein the Card is placed is covered over with a ſmooth Glaſs, 
to preſerve the Card from being diſturbed by the Air, which Glaſs is 
faſten'd round with a Cement; and alſo the ſaid Box is hung in a Circle 
or Hoop of Braſs upon two cylindrical Pins fixed diametrically oppoſite in the 
Outſide thereof, and the ſaid Circle is hung within another Braſs Circle, 
upon two Axes or cylindrical Pins placed at right Angles to the former; 
theſe two Circles, and the Box, are placed within another ſquare wooden 
Box, ſo that the innermoſt Box, and conſequently the Card, may ſtand 
horizontal which way ſoever the Ship heels. 

The Compaſs (thus fitted) is placed near the Helm in a Caſe of Wood 4 Cantion 
faſtened to the Deck, called the Bittacle: In making this Bittacle there in framing 
ought to be great care taken that the Hole wherein the. Compaſs is placed, N 
be exactly ſquare, (or a right 4 Parallelagram;) and afterwards the Bit- 4 e 
tacle ought to be ſo fixed, that two of the Sides of this ſquare Hole may 
be exactly parallel to the true Direction of the Ship, (which is generally 
ſhewed by the Creviſe between the two middle Planks upon the Deck,) ſo 
that by putting one Side of the Compaſs Box (which muſt be likewiſe exa&t- 
ly ſquare) cloſe to one of the Sides of the ſquare Hole or Box in the 
Bittacle, you'll be ſure that the Compaſs is rightly placed; then the Point on 
the Card, which is cut by a right Line drawn in the fore-part of the in- 
nermoſt Box, (which Line, and its oppoſite, ought to be exactly in the 
ſame Direction with two Sides of the outward Box) is the Courſe ſteered, or 
the Point of the Compaſs caped at by the Ship, (allowing for the magnetick 
Pariation, if there be any.) I have been thus particular concerning the 
Bittacle, becauſe an Error either in making or fixing it, will cauſe a conti- 
nual Error in the Courſe. 

In large Ships where there are commonly two Men at the Helm, there is f tw, 
alſo placed two Compaſſes in the Bittacle : but I often obſerved that theſe Compaſſes 
two Compaſſes (when rightly placed) would differ from one another about #2 the /ame 
+ Point; which Difference the Sailors attributed to one being touched with prone" 
a better Load. ſtone than the other. But it is well known, that all Needles each ocher . 
being rightly touched upon any Load-ſtone (however different theſe Load- 
ſtones may be as to the Power of Attraction) will point exactly the ſame 
way ; therefore it plainly appeared, that theſe two Compaſſes were placed 
too near together, and ſo attracted each other out of their true Direction: 
and ſo I found it upon trial, for having placed them at a conſiderable Di- 
ſtance from each other, (ſo that the Sides of the Boxes lay in the ſame 
right Line) I found the Cards then pointed exactly the ſame way. And in 
trying of other Compaſſes, I found the like Circumſtances. * 

* In ſhort tumbling Seas, when the Ship haus or falls off very ſuddenly, 4% 4 flow 
a good Card will neceſſarily ſeem to vibrate very faſt ; but when the Card Card (as 
(by reaſon of ſome Accident) will not traverſe, it will be carried along o P mw 
with the Ship without having hardly any apparent Motion. And in bad an,, 
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Weather the Sailors generally make uſe of the worſe Card they have, al- 
ledging, that a good one will traverſe ſo faſt, that they cannot ſteer by 
it. But this is undoubtedly wrong, for if the Card will not t raverſe, it may 
as well be laid aſide; and although it is true, that they cannot keep 
the Ship very ſteady at ſome times, and conſequently not ſo as to agree 
with the Card, yet if they would but conſider that the apparent Motion 
of the Card ſhews the real Morion of the Ship, and not of itſelf ; which Mo- 
tion of the Ship being thus ſhewed by the Card, they have the advantage 
of knowing how and when to check her, and conſequently of bringing her 

ſteady much ſooner than otherwiſe they could. | 
Some Ex- Being upon Deck in a Star-light Night, I obſerved that the Ship yawed 
eee very much, and at the ſame time looking at the Compaſs, I found little or 
CN 66 no Alteration in the Courſe pointed thereby; then I took an Inſtrument, 
be faulty, and obſerved the greateſt and leaft Angle made by two Lines paſſing from 
and how my Eye, one by a certain Rope, and the other to a fixed Star, and by ta- 
22 king the Difference of theſe two Angles, I found that the Ship yawed no 
yrs. [ho 7 leſs than 3 Points, or 1 7 Point on each Side; though, at the ſame time, 
according to the Compaſs, ſhe ſeemed to go forwards almoſt in a right 
Line. From this Experiment it plainly appeared, that the Card did not 
traverſe or keep towards its reſpective Pole, but was carried along with 
the Ship without being able to keep in its own Meridian; for if it traverſed 
as it ought to have done, it would have ſhewed the ſame Irregularity in 
the Motion of the Ship, as I obſerved by looking at the Stars; which be- 
ing known to the Steezſman, (or Man at the Helm) undoubtedly he would 
have kept the Ship more ſteady, without ſuffering her to deviate ſo much 
from her true Courſe. Another time being at anchor, the Water very 
ſmooth and till, I held a Knife a little on one Side of the North Point 
of the Card, and ſo drew it almoſt a Point our of its Place, (having firſt 
taken notice what Degree it pointed at before, and alſo how another 
Compaſs ſtood, which was hard by) then finding it not inclined to go back 
to the Place I drew it from, I went away and came again in about half 
an Hour, when I found the two Cards exactly in the ſame Situation where- 
in I had left them; then I drew the former (by my Knife) to the Place 
it was at firſt, afterwards a Point on the other Side, in all which Poſi- 
tions I found it would ſtand, as I lefr it : whereby it plainly appeared, 
that there was ſome Fault in the Card. Theſe Experiments I here men- 
tion (which may be often eaſily made at Sea) as a Caution for Ma- 
riners to look that their Compaſs be in good Order, and traverſe as it 
ought to do, and not implicitely rely upon the Card, without examining 

+ into the Goodneſs of it. | 

The Cauſe The chief Cauſe of the fore-mentioned Defects in the Sea-Compaſs muſt 
2. 2 „ undoubtedly be owing to ſome Fault either in the Center Pin, (whereon the 
3 4 Needle is placed) or in the Cap of the Needle, or both; as the Head of 
tioned in the Pin being either ruſty, or blunt, or the Cap of the Needle being ruſty 


the Sea- Oc. For as the attractive Power of the Magnet is but ſmall in propor- 
Compaſs. 2 A —— 
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Sect. I. Of E ſtimating the $ hip's May. 1 
tion to that of Gravity, the leaſt Reſiſtance or Friction about the Cen- © 
ter of the Needle will very much hinder its Vibration, as is well known to 

thoſe who have made Experiments by Magnetic Needles it is no won- 

der then if this ſhould have a greater Influence upon a S-a-Compaſs, where 

the Needle is clogged with a heavy Card, and the Center-Pin very liable to 

be wore and blunted by the continual jolting of the Box wherein the 

g is placed, and alſo becauſe the Sea-Air is very apt to ruſt Braſs and 

yon. 

The common Method of faſtening the Glaſs to the top of the Box, How the 
is certainly very inconvenient and abſurd ; for then the Card is as it were Se. Com. 
locked up, ſo that you cannot eaſily come at the Needle to clean it, and 3 5 
beſides the common Method of jolting the Card off and on, muſt very 60 . 
much ſpoil the Pin in the Center. Wherefore, to prevent this Inconve- Needle, &c. 
niency, the Glaſs ought to be faſtened in a Braſs Ring fitted to the Head 7 ο . 
of the Box, and made either to turn upon a Hinge, or otherwiſe, as may %% eb. 


be thought convenient; fo that at any time it may be eaſily lifted up or — © 


taken off. The Inſtrument being thus prepared, you. may eaſily clean the 


Center of the Needle, and alſo the Head of the Pin whereon it is placed, 
(which ought to be often done) with a hard Piece of Wood ; and when 
the Head of the Pin is wore blunt, it ought to be ſharpened with a 
{ſmooth File. Then when the Inſtrument is not uſed, you may eaſily take 
off the Card, (without jumbling the Box, which is the Cuſtom) and to pur 
it on again as occaſion requires; and beſides, you may have the advan- 
tage of having ſeveral Cards (which ought to be as light as poſſible, and 
their Needles of ſufficient weig ht to govern them) fitted to the ſame Box; 
ſo that at any time you might uſe that which you find beſt, which would 
be much better, and leſs chargeable than the Lumber of Compaſs-Boxes 
carried in moſt Ships for the ſake only of their Cards. This Addition to 
the Sea-Compaſs, as little as it may ſeem to be, I am ſure (for the reaſons 
given above) would be a very great Improvement in that Inftrament ; 
and conſequently of great Benefit in the Practical Part of Navigation. 

I need not here take notice, that a heavy Braſs Compaſs is far prefer- 
able to a light Wooden One, that, I ſhould think, being ſelf-evident : Yet 
notwithſtanding the later is moſtly uſed at Sea, which by reaſon of its 
being light is more affected by the Motion of the Ship, thereby keeping 
the Card in a greater Motion ; which is the reaſon given by Sailors for 
uſing it : but that is certainly a wrong Argument, for the leſs the Card is 


_ diſturbed, the nearer will it keep to its true Meridian. 


II. Of the Loc, and LOOG-LIN E. 


The moſt approved way that has hitherto been uſed, and which is 
now chiefly followed for eſtimating the Diſtance run by a Ship at Sea, is by 
the Log and LoG-Lixe, 

Cc The 


194 


NAVIGATION. Chap. Iv. 

The Loo is only a flat Piece of Wood made ſomewhat like the Shape 
of a Flounder, having a Piece of Lead faſtened to the Bottom, in order 
to make it ſtand or ſwim upright in the Water; to this Log is tied or 
faſtened a long Line, which is called the Loc-Linz. This Line is divided 
into certain Spaces, called Knots, which Spaces ought to be ſuch a part 
of a Nautical Mile (60 of which make a Degree of a Great Circle) as 
half a Minute (the Time commonly allowed for the Experiment,) is of an 


„. N 


It has been ſhewed in Chap. I. Sect. 1. that a Degree of a great Circle 


upon the 1 7 of the Earth conſiſts of above 360000 Engliſh Feet ; 
a 


but for the ſake of a round Number we'll ſuppoſe 360000 Feet to be the 
exact Meaſure of a Degree then a Nautical Mile (being , Part of a De- 
gree) will contain 6000 Feet ; which Number being divided by 120 (the 
number of + Minutes in an Hour) gives 50 Feet, the length of the Spaces he- 
tween each Anot upon the Leg-Line. 

Theſe Spaces commonly commence at about 10 Fathom from the Log, 
(that ſo the Log when it is hove over board may be out of the Eddy of 


the Ship's Wake before they begin to count) and are numbered by a Piece 


of Twine with Xnots inreeved between the Strands of the Line, which 
ſhew how many Axrots are run out during the Half Minute: And it would 
be very convenient to have another Line equal in length to the Space be- 
tween Knot and Knot, divided into 10 equal Parts, (each Part being of 
conſequence 5 Feet) for the ready meaſuring the Decimal Parts of a Knot 
upon the Log-Line, or theſe Parts may be marked upon one of the Rails 
of the Ship ; ſo that by applying thereto the Space run out more than a 
certain number of whole Kuots, you might eaſily find how many Parts of 
a Knot this Space contains. 

The Leg thus prepared being hove over board from the Poop, and the 
Line veered out (by the help of a Reel about which it is wound) as faſt 
as the Log will carry it, or rather as the Ship fails from it; will ſhew 
according to the time of Veering the Diſtance ſailed, and conſequently 
the Rate of failing. 

Hence knowing how many of theſe Knots or Spaces the Ship runs in half 
a Minute, we know how many Miles ſhe ſails in an Hour, 1383 her 
to move with the ſame Velocity during that time: But if the Gale has not 
been the ſame during the whole Hour, or if there has been more Sail 
ſet, or any Sail handed, that ſo the Ship has run more or leſs in any 
Part of the Hour, than ſne did at the time of the Experiment; there muſt 
be allowance made for it according to the Diſcretion of the Artiſt. 

The Quantity above aſſigned for the length between each Knot, (viz; 
50 Feet) is found by Experience to be very near the Truth; and un- 
doubtedly ought to be uſed till we have a greater Certainty of the Mea- 
ſure of the Cir:umference of the Earth. But it ſeems the firſt that divided 
the Log-Line happened to make the Diſtance between the Knors but 42 
Feet; and this Diviſion is ſtill uſed by ſeveral, though they know it to 
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Sect. 1. Of Eſtimating the Ship's Way. 


be falſe, and therefore are obliged to ſhorten their Half-Minute Glaſſes by 
5 or 6 Seconds; the Abſurdity of which having been ſo often ſhewed by 
ſeveral Writers, I ſhall inſiſt no farther upon it in this Place. 

The Log-Line being duly divided, (viz. by making 50 Feet between each 
Knot) if the Half-Minute Glaſs ſhould happen to run out either too ſaſt or 
too {low ; having meaſured the Time the Glaſs requires to run out, it 
will be, | 


As the Number of Seconds the Glaſs requires to run out, Is to half a Mi- 


nute or 30 Seconds; So is the Diſtance given by the Log, To the true Di- 
ſtance run in that time. 


Thus, if a Ship ſails at the rate of 4 2 Knots in 24 Seconds (or while a 


Glaſs of that length is running out) to find the Rate of ſailing, it will 
be, h 


24 Sec.: 30 Sec. :: 45 Knots : 5.6 Miles; the true Diſtance failed 
by the Ship in an Hour. : 


Again, If the Glaſs be of a due Length, and there be an Error in the 
Diviſions upon the Log-Lize, or if there ſhould be an Error in both, the 
true Quantity failed in an Hour may be found by making proportional 
Allowances; but it would be needleſs to have Examples of that kind in 
this Place, fince it is juſt as eaſy to divide the Log-Line true, as otherwiſe : 
and if at any time the Line ſhould be found to be lengthened or ſhorten- 
ed, by reaſon of its ſwelling or finking, the Knots may be eaſily moved to 
their proper Diſtances. | 

In order to find the Time that the Glaſs requires to run out, ſome 
take a Fring having a Plummet at the end of it, and fix it upon a Peg at 
38.2 Inches diſtance from the Center of the Plummet ; then giving it a ſmall 
ſwing, they reckon the number of Vibrations made during the Time that 


the Glaſs is running out, to be the length of the Glaſs in Seconds of Time. 


This Method on Terra Firma, where the Peg that holds the Pendulum is at 
reſt, will do very well, (if the deſcribing Arches are but ſmall) but at 
Sea it muſt be very uncertain, becauſe the Motion of the Ship muſt needs 
ſome way or other diſturb the Motion of the Pendulum Wherefore ſome 
of our Writers of Navigation have preſcribed to ſhorten the Pendulum 
juſt 7 Inches, then giving it a larger Swing, we are to count the Vibra- 
tions to be ſo many Seconds as before; but this is a Myſtery in Mechanicks, 
which I do not (nor I believe any body elſe) underſtand ; and it is very 
abſurd to ſuppoſe, that at Sea the Motion of the Ship is always ſo regu- 
lar, as to cauſe juſt the ſame Alteration in the Motion of the Pen- 


. dulum. 


The Error either in the Lag-Line, or the Halj-Minute Glaſs, or both, 
is ſometimes ſo great, that I have known 'two Ships in company toge- 
Cc 2 ther, 
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ſix. The Space between each Knot upon the Log-Line on board the 
Ship which reckoned herſelf to ſail faſter, was 42 Feet; and if the Log-Line 
on board the other Ship was rightly divided, it 1s evident the Difference 
was owing to the Error in the former Log, (for we afterwards found that 


the later Ship kept the beſt Reckoning ;) but if the two Lig-Lines were 


divided alike, the Difference muſt ariſe from the Half-Minute Glaſſes (ſo 
called) being not rightly adjuſted of a due Length: Alſo the Uncertainty 
of the Log is ſuch, that two People can ſeldom veer it alike, but will al- 
ways make ſome Difference in the Diſtance. | 


III. O, Finding the Ship's DRIFT or LEE-WAx. 


Lee or Lee-ward Way, is the Angle which the Keel of the Ship makes 
with her Hake, or the Way ſhe really makes good through the Water : 
Thus for Example, Admit the Vind to be at North, and the Head of the 
Ship (by help of the Rudder) is kept up ENE or W NW towards 
a or ?, within 6 Points of the Wind; but by reaſon of the Force of 
the Wind and Surge of the Sea upon her, ſhe is drove to Lee-ward, we'll 
ſuppoſe upon the Rhumb-Line C b or Cd, then the £ aCb ore Cd formed 
between the Rhumb upon which ſhe endeavours to ſail, and that upon 
which ſhe really makes her way good, is called the Lee-Way; and the Lee- 
v3 is ſaid to be ſo much, according to the Quantity of the Ca Cb or 
eCd. | 

The common Method among Mariners for determining the Lee-Way, is 
by the Sails that are then abroad, or according to what Sails the Ship then 
carries: 'The uſual Allowances are as followeth ; 

1. When a Ship is cloſe hauled, if all her Sails be ſet, the Water ſmooth, 
and a moderate Gale of Wind, ſhe is then ſuppoſed to make little or no Lee- 
Way. f 
2. Fit blow ſo freſh as to cauſe the ſmall Sails to be handed, tis uſual to 
allou one Point for Lee-Iay. 

3. If it blow ſo hard as to cauſe the Top-ſails to be cloſe reeft, the uſual allou- 
ance is two Points for Lee-Way. | 

4. When both Top-ſails are taken in, and the Sta runs high, it is ſuppoſed 
the Ship makes between 3 and 4 Points Lee-Way. 

5. When the Fore-ſail is furled, and the Ship trys under a Main-ſail and 
Mizen, there is allowed 4 Points for Lee-Way. 

6. If the Ship trys under a Main-ſail only, they allow 5 Points for Lee- 
Way. 
2 But if ſhe trys under a Mixen only, ſhe is allowed 6 Points for Lee- 

ay. | 

8. When the Mizen is handed, and the Ship is trying a Hull, ſhe is then ſup- 
poſed i make 7 Points Lee-Way. | 

Though 
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ther, when one out- ſailed the other by her Reckoning, about 1 Mile in 
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Though theſe Rules in ſome Caſes, and in ſome Ships (poſſibly) may be 
tolerably exact, yet they muſt needs be very uncertain, ſince it is well 
known, that ſome Ships with the ſame quantity of Sail, and with the 
ſame Gale, will make more or leſs Lee-May than others: and alſo the ſame 
Ship when ſhe is out of her Trim, (or differently Loaded) will make diffe- 
rent Lee- Ways; for it is obſervable, that the more Water a Ship draws, 
the leſs Lee-May ſhe makes, becauſe ſhe then meets with a greater Re- 
ſiſtance in ſplitting the Water with her Side than otherwiſe ſhe would. 
Wherefore, Mariners would have us believe, that a Man muſt go abroad 
two or three Voyages in order to gain Experience, before he is capable of 
making proper Allowances for the Lee- May of a Ship. We muſt allow 
Experience to be neceſſary in order to qualify Perſons for working 
the Ship, and managing her Sails, (without which, no Man can be a com- 
plete Navigator ;) but I ſhall take upon me to ſhew how any Man the 
firſt time of his ever being on board, may determine the Lee-Way to a 
2 Certainty and ExaCtneſs than any one elſe can do by a pretended 
xperience, by judging of the Quantity of the Sails abroad, tho he has 
been half a dozen Voyages to the undies. | 
The Wake of the Ship, or the Way ſhe paſſed through the Water, may row to find 
be eaſily diſcerned in the Day-time for a conſiderable Diſtance, and that /e Lee- 
let the Sea be ever ſo rough; wherefore we have nothing to do but take 7% 06. 
a Compaſs upon the Poop, (or the Aft-part of the Ship) and ſet her Wake Ie vaten. 
as far as we can diſcern it, (for then we are leſs liable to Error) and the 
oppolite Rhumb is the true Courſe made good by the Ship, then the Diffe- 
rence betwixt this and the Courſe given by the Compaſs in the Bittacle, is 
the Lee-MWay required; which ought to be accordingly entered upon the 
Log-board. Or the Lee-Way may be eaſier found by the new Azimuth 
Compaſs, deſcribed in the next Section thus, turn the Inſtrument about 
until you ſee the Wale of the Ship either over the Sights, or parallel to 
them, then the Point of the Card which is cut by the Vertical Line in the 
Box which is neareſt to you, is the true Courſe ; whence the Lee-P/ay may 
be found as before. The Lee-Way being thus found in the Day-time, 
you may obſerve the Quality of the Sea, and the Trim of the Ship at thar 
i time ; and by that means you'll be able to make a good Eſtimate of the 
G  Lee-Way in the Night. 
3 If the Lee-Way be obſerved according to the above Directions, (as 
often as may be needful,) and theſe Obſervations punctually ſet down 
in the Log- Buok, by the Officer of the reſpective Watch; I am ſure that 
Mariners would be able to keep better Reckonings than they commonly do: 
For how is it poſſible that a Perſon when he is either aſleep in his Cabin, 
or elſewhere from the Deck, ſhould be able to make allowance for Lee- 
Way, and other Accidents which happened in another's Watch ; undoubtedly 
ſuch an Allowance muſt be very imperfect. 
The Method above ſhewed for finding the Lee-Way, although it may 
not be ſo exact as might be wiſhed for, yet would it be of great help 
to 
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to Mariners if they would but put it in practice; and if they would be 
but ingenaous enough to make uſe of what Helps are afforded them in the 


Practical Part, and conform themſelves to Truth in the Theoretick Part of 


Navigation, I am ſure no reaſonable Perſon, (who has any Notion of the 
ſeveral Accidents that a Ship is liable to at Sea) would blame them for 
bad Artiſts, though they acknowledge themſelves to be out ſome ſcores of 
Leagues in their Reckonings. And if we do but confider the Nature of 
Things, we ſhall have reaſon enough to fuſpect, that thoſe who pre- 
tend to the greateſt ExaCtneſs in their Sea- Journals, are in reality the 
worſt Artiſts; for nothing but Ignorance can make People pretend to 
Impoſlibilities. 

When the Ship is within ſight of Land, the Lee-way may be found 
without ſetting her Wake, as by the Example following : 

Suppoſe a Ship from A bear up NNE towards B, then as ſhe ſails 
along, obſerve carefully what Point on the Shore keeps ſtill on the ſame 
Point of the Compaſs without any Alteration, which let be C bearing 
NE; I ſay the true Courſe made by the Ship is the Rhumb AC: for it 
is evident, that no other Point can keep ftill on the ſame Point of the 
Compaſs, but that which lies directly in the Line of the Ship's Way; 
wherefore the Difference between the NNE Line AB (the Point of 
the Compaſs the Ship capes at) and the NE Line AC in which ſhe is 


carried, or the CB AC, equal in this Caſe to two Points, is the Ship's 


Drift or Lee-Way. 

After the ſame manner the Lee-Iay = oo be found, if the Courſe ſteer- 
ed by the Ship had been from the But this Example is here laid 
down more for the Reader's Amuſement, than for any real Uſe. 

For other Methods of determining the Lee-Way, Vide Caſe 2. and 
Caſe 4. of Sect. 4. of Chap. II. 


SECT. IL 
Of Finding the Variation of the Compaſs. 


HE Magnetical Needle in moſt Places deviates from the true Meri- 

dian, either to the Eaſtward or to the Weſtward ; and this Devia- 
tion of the Needle is called the Magnetick Variation, or the Variation of 
the Compaſs : So that the Variation of the Compaſs is an Arch of the Hori- 
⁊on, contained between the Magnetical and true Meridian, or between the 
true North and South Points, and the North and South Points pointed out 
by the Needle. | 
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Sect. 2. Of Finding the Variation of the Compaſs. 


This Variation is found by comparing the true Amplitudes or Azimuths 
of the Sun or Star, with their Amplitude or Azimuth obtained by Obſer- 
vation with the Needle, | 

The true Amplitude of the Sun or any Star may be obtained, from pro- 
per Data by Calculation, by Caſe 1. of Prob. II. of Sect. 2. of Chap. III. and 
the true Azimuth may. be obtained (from a proper Data) by Caſe 1. of 
Prob. III. of the ſame Section; and the Magnetick Amplitude or Azimuth is 
— obſerved at Sea, by an Inſtrument called the Azimuth Com- 
paſs. | 


* A n 


Of the common AZIMUTH COMPASS. 


This Inftrument conſiſts of the ſame Parts, and is alſo hung after the 
ſame manner with the common Sea-Compaſs, deſcribed in the laſt Section, 
only to the innermoſt Box of this Inſtrument (wherein the Card is placed) 
is faſtened a broad Circle of Braſs; one half of this Circle is divided in- 
to go Degrees by Lines drawn from a Point taken as a Center in the Pe- 
riphery of the other Semi-circle : theſe Degrees are again ſubdivided into 
Minutes by concentrick Circles and diagonal Lines, and theſe Degrees 
and Min. are numbered from the Middle of the Diviſions on both Sides 
to 45 Degrees. | 

Upon the Center of theſe Graduations is placed a moveable Index, 
upon which Index is erected a Sight, and from the upper Part of this 
| Sight down to the Middle of the Index, is faſtened a fine 'Thread to caft 
4 a Shadow upon the Middle of the ſaid Inden. 

This broad Braſs-Circle is croſſed at Right Angles with two Threads, 
and from the Ends of thoſe Threads are drawn 4 ſmall black Lines on 
the Inſide of the Box ; alſo there are 4 right Lines drawn at right Angles. 


one to the other on the Card, (which are all the Graduations generally made 
upon this Card.) | 


The Manner of Obſerving the Amplitude or Azimuth. 


If the Obſervation be for an Amplitude at Sun-riſing or an Azimuth in 
the Fore-noon, you muſt turn the Inſtrument about until you bring the 
Weſt Point of the Card under the Center of the Index, and alſo the four 
Lines on the Edge of the Card, and the four Lines on the Inſide of the 
Box, do exactly agree or come together. But if the Obſervation be for 
an Amplitude at Sun-ſetting, or an Azimuth in the Afternoon, you muſt turn 
the Center of the Index right over the Eaſt Point of the Card, and make 
the Lines within the Box, and thoſe upon the Card, to concur or meet 
together. The Inſtrument being thus fitted for the Obſervation, you 
| are to turn the Index towards the Sun, till the Shadow of the Thread. 
5 falls upon the Slit of the Sight, and. on the Middle of the Iadex, or till 


you : 
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you ſee through the Sight the Center of the Sun cut by the ſaid Thread ; 
then the Degrees and Minutes cut by the inner Edge of the Index, is ta- 
ken for the Sun's Magzetical Azimuth or Amplitude from the Prime Vertical, 
or from the Eaſt or Weſt Points of the Horizon, according as the Obſer- 
vation is made before or after Noon. 3 
When firft I ſaw this Inſtrument uſed, I was ſurprized to find ſeveral 
Degrees difference in Obſervations made thereby within a few Minutes 
of Time of one another; notwithſtanding the Limb being actually divided 
to every 2 Min. But when I had 8 the Nature thereof, I was 
no longer ſurprized that People ſhould differ ſo much in their Obſerva- 
tions; but on the other hand, was amazed to think how People could ſo 
long impoſe upon their Reaſon and Judgment, in pretending to make even 

nice Obſervations, by ſo imperfect as well as abſurd an Inſtrument. 
That the As the Variation of the Needle can be no otherwiſe found than by the 
Confiruc- Needle, it is very evident that the ſaid Variation cannot be found, even 
tion of the n Terra Firma, ( except Microſcopes and other Contrivances be uſed) 
1:imurh to greater Exactneſs than you can divide a Circle, whoſe Diameter is 
Compaſs is the Length of that Needle which you make uſe of; or to greater Exact- 
afſurd and refs than you can divide the Limb of the Card: It is very abſurd then 
e to ſuppoſe, that by the help of an Index and a large Circle, (fixed to the 
bios made Out- ſide of the Box wherein the Card is placed) the Variation may be 
therelß found at Sea to a greater Exactneſs than poſſibly can be done by ſuch an 
muſt be Inſtrument on Shore, For if an Obſervation were to be made by the 
3 * common Azimuth Compaſs on Terra Firma, (where we may have Time and 
Opportunity ſufficient for rectifying it, which is not eaſily had at Sea) 
the ſaid Inftrument muſt be firſt of all rectified by help of the Card; 
and this ReCtification will be more or leſs accurate, according to the 
Goodneſs and Length of the Needle: It plainly appears then, that what- 


ever Exactneſs we pretend to by the help of the Index, is only imaginary, 


ſince the Goodneſs of the Obſervation entirely depends upon the Poſition 
of the Needle; for rectifying of which, the Index is of no manner of 
help to us, and conſequently it is very abſurd to pretend to make uſe of 
it, even on Terra Firma. 

But when we conſider this Inſtrument as deſigned for Sea-Obſervations, 
we ſhall find its Conſtruction to be ſtill more abſurd ; and that the Ob- 
ſervations made by it at Sea muſt be vaſtly uncertain: And indeed, this 
imaginary Improvement of having an Index, makes the Inftrument leſs 
fit 2 Obſervation than even the common Sea-Compaſt. The only Guide 
for rectifying the Inſtrument, is to bring the Croſs-Lines upon the Card, 
and thoſe in the inner Box, fo as apparently to agree or co-incide ; but 
this is very difficult to be done, by reaſon of the continual Jauing of the 
Ship and Motion of the Card, neither can you judge of that Poſition, 
ſo exact as you can diſcern the Courſe pointed by the common Card; 
becauſe when you look downwards upon the Glaſs, the ſmalleſt Altera- 
tion in the Poſition of the Eye will make an apparent Alteration in the 
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Poſition of the Card; whereas when you look directly before you at a per- 
pendicular Line drawn in the Box, you are not ſo liable to err. But grant- 
ing the Lines on the Card and thoſe in the Box may be exactly brought toge- 
ther, yet that is in reality no manner of Guide for rectifying the Inftrument ; 
for as the Ship and the Card are both in continual Motion, the Motion of the 
Card is rendered ambiguous, and ſo you have no manner of Certainty, 
whether the Needle at the time of Obſervation be in its own Meridian, or 
not; for it may as well be a conſiderable deal either to the Eaſtward or 
to the Weſtward, and which (fo far from knowing how much) it is, you 
cannot judge. Again, as the Ship by her continual yawing from one Side 
to the other, continually alters the Direction of the Canal Box one Per- 
ſon continually moves the Index, and another looks through the Sight, 
ſaying, Very well, (by way of notice to the other) ſo long as he ſees the 
Object ; and I have known this notice very well given, when the dex had 
been moved 15 or 20 Degrees out of its former Poſition, and conſequent- 
ly the Obſervation muſt be vaſtly uncertain, fince there is no manner of 
Guide to direct where or when to take it. Laſtly, when the Lines in 
the Box and thoſe on the Card difter very much, a third Perſon moves the 
Box at random, as much as he thinks fit, (for he has no Guide to dire& 
him how much he ought to move it, ſince he does not know in what Po- 


ſition the Needle is at that time with reſpect to its own Meridian) then the 


Obſervation is begun a-new, after that perhaps another, and ſo on may 
be a fourth, and a fifth, Cc. fo long as there is an Opportunity. All 
theſe Obſervations are preciſely taken to a Minute or two, after that 
lumped together, then a Mean is taken betwixt them all; which Mean 
(though it may differ conſiderably from all the Obſervations) is taken to 
be exact beyond all Contradiction; and yet nothing more common than 
the Morning and next Evening Means (as they are called) to differ 7 Point, 
more or leſs, and ſometimes conſiderably more. Sometimes theſe Means 
will be compared together, then a new one taken betwixt them; but 
this is not always done, for ſome rather than allow the Obſervations 
to be faulty, will inſiſt that there was a great Load. ſtone under F near 
the Ship, and fo account for the Difference that way. 

From what has been ſhewed above, it appears, that the common Azi- 
muth-Compaſs is one of the abſurdeſt Inftruments that ever was uſed ; for 
the Object in the Heavens, which is the only Guide for rectifying it, is 
not properly regarded, fince we only turn a moveable Index to the Object, 
according as the Ship by her yawing turns the Compaſs-Box : And perhaps 
among the Catalogue of vulgar Errors, there is not an Inſtance wherein 
People impoſe more upon themſelves, than in their common Notion con- 
cerning the Accuracy of Obſervations made by this Inſtrument. 

Having thus ſhewed the Defe&s of the common Azimuth Compaſs, I 
ſhall next give the Deſcription of a new one, whereby the Maguetical 


Variation may be found to as great an Exactneſs as can be reaſonably ex- 


pected to be done at Sea. 
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The Deſcription of a new AZIMUTH- Coup Ass. 


This Inſtrument conſiſts of a Card and two Boxes, and is hung in two Braſs 
Rings, after the ſame manner with the common Sea-Compaſs ; the innermoſt 
Box wherein the Card is placed, is made to turn eaſily in the (innermoſt 
Ring without diſturbing the outward Box; to the out-ſide of the faic 
innermoſt Box is fixed two upright Sights (diametrically oppoſite) for recti- 
fying che Inſtrument, by keeping the ſaid Sights directly to the Object. 
Thus, A is the round Braſs Box wherein the Card is placed, at the bottom 
of which is fixed a large Piece of Lead to keep it perpendicular to the 


Horizon; BB is the ſquare Wooden Box which contains all the reſt ; @ 


the outward Ring, which is hung upon two cylindrical Pins fixed dia- 
metrically oppoſite in the Box BB; the inward Ring is hung upon two 
cylindrical Pins fixed in the outward Ring at right Angles to thoſe upo 

which the ſaid outward Ring is hung: The Box A is (as above ſaid 

hung in the inward Ring, and the two Rings turn eaſily round their 
reſpective Axes, ſo that the Box A (by its own weight) keeps always 
nearly in the ſame Poſition, notwithſtanding the Motion or Rolling 0! 
the Ship. C, D are two upright Sights, ſcrewed diametrically oppoſite to 
the out- ſide of the inward Box; C is the Sight which is next the Eye in 
time of Obſervation, in which is made a-Slit ſo fine, that you can bea 

looking through it at the Sun, without being hurt by the Splendor of 
his Rays: D is the Object-Sigbt, having a wide Slit or Opening, in the 


* - 


middle of which is fixed a fine Thread to cut the Object; this Sight is 


alſo made ſo long, as to take the Bearing of any Obje& whoſe Altirude 
is not above 10 or 12 Degrees. E is an Index of about 7 or 8 Inches long, 
having two Sights a, b, and a ſhort Pedeſtal d; the Index turns upon the 
head of its Pedeſtal to any Elevation not exceeding 60 Degrees, and the 
ſaid Pedeſtal is to be ſcrewed on in the room of the Sight C, when the 
Altitude of the Olject is above the reach of the Sight D. In the Sight a 
is made a Slit wide enough to look through at a Star; and in the Sight b 


is a wide Opening having a pretty large Thread in the middle for cut- 


ting the Object in time of Obſeryation ; alſo under this Thread is a ſmall 
Hole to let the Beams of the Sun paſs through (and ſo form a little white 
Spot) upon the Slit in the Sight a. | 

The Glaſs (which covers the Box wherein the Card is Placed) is fixed 
in a Ring, which is faſtened to the Box by an Hinge, ſo that it may be 
eaſily lifred up and ſhut, for the eaſier placing or diſplacing the Card upon 
or off the Center Pin, and alſo for cleaning this Pin, Sc. as occaſion re- 
quires. The Card is graduated like the Specimen in Plate 3, Within the 
Box is drawn two upright black Lines, exactly under the middle of the 
two upright Sights ; and at go Degrees diſtance from theſe, are drawn two 
other black Lines after the ſame manner. | 
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The Manner of obſerving the Magnetical Amplitude or Azimuth 
of the Sun or any Fixed Star, by this Inſtrument. 


If the Obſervation be for the Suns Amplitude, or his Azimuth when he 
is not above 12 Degrees above the Horizon, fix on the two long Sights 
C, D; then taking hold of the bottom of the Sight C, turn the Inſtrument 
about until looking through this Sight, you ſee the Thread in the oppoſite 
Sight cut the Center of the Sun; then holding your Hand faſt, keep {till 
the ſame Sight of the Sun, (by which means the Inftrument will be kept 
entirely free from being affected by the Tawing of the Ship,) and at the 
ſame time let another Perſon carefully obſerve what Degree upon the Card 
is cut by the Line in the Box which is drawn under the Objett-Sight, and 
that Degree is the Magnetical Amplitude or Azimuth of the Sun from the 
North or  South-part of the Meridian, according to which it is that is ſpe- 
cified by the Card. Burt if the Card has not done vibrating, let your A ſſi- 
ſtant carefully obſerve what number of Degrees are cut by the foreſaid 
Line at both Extremes of the Vibration; and the middle between theſe two 
Vibrations will be the Magnetical Amplitude or Azimuth required. Or, if 
it be thought more convenient, your Aſſiſtant may mark the Degree upon 
the Card which is cut by one of] the Lines'in the Box, which are a Qua- 
drant diſtance from the former; then counting go Degrees from that Point 
towards the Sun, will give the Magnetical Amplitude or Azimuth from the 
North or South-part of the Meridian, as before. 

Mote, The Obſerver muſt take care that he keeps the Inſtrument from 
turning-with the Ship during the-time of Obſervation, by conſtantly keep- 
ing the middle of the Sight and the Sun in the ſame Direction; and the 
Aſſiſtant muſt place himſelf ſo, that the Line which he obſerves to cut 
the Card, be directly before him: And thus if due care be taken in the 
Obſervation, J am ſatisfied the Magnetical Amplitude or Azimuth may be 


found to leſs than a Degree, which is ſufficiently exact for all Uſes in Na- 


vigation ; and I believe above five times the Exactneſs of whatever could 
be done hitherto, notwithſtanding the pretended Nicety of ſome People in 
obſerving even the odd Minutes. 

Note, It is beſt to take the Sun's Amplitude when its lower Limb is about 
Z Degree above the Horizon, becauſe the Refrattion makes the Sun appear 
ſo high, when his Center is really in the Horizon but indeed for Practice, 
(if the Place of Obſervation be not too far from the Equator,) the Bear- 
ing of the Sun may be very well taken for an Amplitude, at any Height not 
exceeding one or two Degrees, | 

If you would take the Sun's Magnetical Azimuth, when he is too high to 
be ſeen through the Sights C, D; then you muſt fix on the 1zdex, and turn 
the Inſtrument about until the Spot coming through the little Hole in the 
Objeci-Sight, falls ſomewhere on the Slit in the other Sight; then the De- 
gree upon the Card which is cut by the Line drawn in the fore-part of the 


Dd 2 Box, 
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Box, is the Azimuth required. After this manner the Obſervation may at 
any time be taken by one Perſon only ; but, I think, it is much better to 
have two Obſervers, for then each may better attend to its reſpective 
Part; neither is it any manner of Objection to have two Perſons on 
board a Ship (where there are always ſo many Hands, that two may be 
eaſily ſpared) to an Obſervation, except it be ſaid that you cannot have 
an Aſſiſtant that is qualified, or one whom you can depend upon, 
which I am very loth to ſuppoſe. Alſo, if the Obſervation be of a Fixed 
Star, you muſt likewiſe uſe the Index, and putting your Eye to the proper 


Sight, turn the Inftrument about, and elevate or depreſs the Index, until 


the Thread in the Objeft-Sight () cuts the Star ; then the black Line in the 
fore-part of the Box will point the Azimuth upon the Card. 
Note, When you obſerve the Magnetick Azimuth of any Object, its Alti- 
tude muſt be likewiſe taken at the ſame time, in order to find the true 
Azimuth. FRA. 
This Inſtrument is very uſeful for finding the Lee-Way, and alſo for 
ſetting the Bearings of Headlands, &c. for having directed the Index to the 
Wake of the Ship, the Card will point out the true Courſe ; the Difference 
of which, and the Courſe given by the Compaſs in the Bittacle, is the LER- 
War required. After the ſame manner you may ſet the Bearing of any 
Place. 'This Inftrument may be likewiſe fitted as a good Compals to 
ſteer by ; for having taken off the Sights, and two Marks being made, 
one on the inner —_ and the other on the inner Box, as a Direction 
for placing the Meridian of the ſaid Box, (or the DireQtion of the Sights) 


parallel to the Sides of the ſquare wooden Box; the Inftrument being 


reRified by the ſaid Direction, you may place it in the Bittacle, (or elſe- 
where as you think convenient) and the Card will point out the true Courſe 
ſteered. Having thus explained the Uſe of this Inftrument, I ſhall next 
ſhew how to determine the Variation. | 

Having by the Directions above found the Magnetical Amplitude, and 
by the Latitude of the Place, and the Declination of the Object, found the 
true Amplitude by Caſe 1. of Prob. Il. Sect. 2. of the laſt Chapter ; or havin 
by the Sun or Star's Declination, Altitude, and Latitude of the Place, —— 
the true Azimuth by Prob. III. of the ſame Section, and alſo the Magnetick 


Azimuth by the Directions above: The Variation of the Compaſs may be 


found as followeth. | 


If the True and Magnetick Amplitude, or the True and Magnetick Azi- 


muth be the ſame, it is evident there is no Variation, but the Needle points 
exactly true. | 

N. B. For the eaſier determining the Variation, let the True and Mag- 
wetick Amplitude or Azimuth be always counted from the North-part of 


the Meridian; then the Variation will be always found by the two follow- 
ing Rules: 


OY 


LF 
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I. If the Obſervation be made in the Forenoon, and the 
4 J Amplitude or Azimuth be the greateſt, their 


.C Magnetick i 
Difference is the Variation Le 
II. F the Obſervation be made in the Afternoon, and the 


4 Ares ;h 7 Amplitude or Azimuth be the greateſt, their Dif- 
Weſterly | 


ference is the Variation 12 aſterly. 


The Circle N, E, 8, W, 3 the Horizon, N the true North Point, Erg. 4, 5,6, 
S. the South, and E, W, the Eaſt and Weſt Points; n the North Point of 7,8, & 9. 
netical Meridian, s the South Point thereof, e and u the Magnetical 


the 
2 Wieſt, or the Eaſt and Weſt Points inſpected by the Card; N © 
is the Meaſure of the true Amplitude or Azimuth from the North, u © the 
Magnetical Amplitude or Azimuth, or the Amplitude or Azimuth from the 
North Point of the Card, and N the VARAIATION. 1 heſe Schemes being 
thus explained, the reaſon of the following Examples will be very evident. 


Examp. 1. At Sau- riſng. 
The Sun's true Amplitude NET 82 300 NO 3 
The Magnetical Amplitude NET 754 20 4. 4 


Pariation El, 8 30 Na 
Examp. 2. At Sun- ri fing. | ; 
The true Amplitude from the North. 86* 4 N ©. h 
The Magnetical Ampl. from the North 98 u. 
Variation Weſterly 11 20 N 

Examp. 3. At Sun: ſetting. 


The true Amplitude from the North 112200 NO. 
The Magnet. Ampl. from the North 98 0. 


Variation Weſterly 14.20 NA 


Examp. 4. At Sun-ſetting. | 
The true Amplitude from the North 76* -O N© 
'The Magnet. Ampl. from the North 97 n ©. 


Variation Eaſterly 21 o NA 
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Box, is the Azimuth required. After this manner the Obſervation may at 
any time be taken by one Perſon only ; but, I think, it is much better to 
have two Obſervers, for then each may better attend to its reſpective 
Part; neither is it any manner of Objection to have two Perſons on 
board a Ship (where there are always ſo many Hands, that two may be 
eaſily ſpared) to an Obſervation, except it be ſaid that you cannot have 
an Aſſiſtant that is qualified, or one whom you can depend upon, 
which I am very loth to ſuppoſe. Alſo, if the Obſervation be of a Fixed 


Star, you muſt likewiſe uſe the Index, and putting your Eye to the proper 


Sight, turn the Inſtrument about, and elevate or depreſs the Index, until 
the Thread in the Ohjecl-Sight (b) cuts the Star ; then the black Line in the 
fore-part of the Box will point the Azimuth upon the Card. 

Note, When you obſerve the Magnetick Azimuth of any ObjeR, its Alti- 
tude muſt be likewiſe taken at the ſame time, in order to find the true 
Azimuth. | TA 

This Inſtrument is very uſeful for finding the Lee-Way, and alſo for 
ſetting the Bearings of Headlands, &c. for having directed the Index to the 
Wake of the Ship, the Card will point out the true Courſe ; the Difference 
of which, and the Courſe given by the Compaſs in the Bittacle, is the LER- 
War required. After the ſame manner you may ſet the Bearing of any 
Place. This Inſtrument may be likewiſe fitted as a good Compaſs to 
ſteer by ; for having taken off the Sights, and two Marks being made, 
one on the inner _—_ and the other on the inner Box, as a Direction 

1 


for placing the Meridian of the ſaid Box, (or the Direction of the Sights) 


parallel to the Sides of the ſquare wooden Box; the Inftrument being 


rectified by the ſaid Direction, you may place it in the Bittacle, (or elſe- 
where as you think convenient) and the Card will point out the true Courſe 
ſteered. Having thus explained the Uſe of this Inftrument, I ſhall nexr 
ſhew how to determine the Variation. | 

Having by the Directions above found the Magnetical Amplitude, and 
by the Latitude of the Place, and the Declination of the Object, found the 
true Amplitude by Caſe 1. of Prob. II. Sect. 2. of the laſt Chapter; or havin 
by the Sun or Star's Declination, Altitude, and Latitude of the Place, rd 
the true Azimuth by Prob. III. of the ſame Section, and alſo the Magnetick 
Azimuth by the Directions above: The Variation of the Compaſs may be 
found as followeth. 


If the True and Magnetick Amplitude, or the True and Magnetick Azi- 


muth be the ſame, it is evident there is no Variation, but the Needle points 
exactly true. | 

N. B. For the eaſier determining the Variation, let the True and Mag- 
wetick Amplitude or Azimuth be always counted from the North-part of 


the Meridian ; then the Variation will be always found by the two follow- 
ing Rules : 


LF 
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I. If the Obſervation be made in the Forenoon, and the 


| Aa 1 Amplitude or Azimuth be the greateſt, their 
; Eaſterly 


Difference is the Variation $5: fterly. 
II. If the Obſervation be made in the Afternoon, and the 


4 Meenetich 7 Amplitude 3 1 h be the greateſt, their Dif- 


ference is the Variation 4 Eaſterly. 


The Circle N, E, 8, W,. 1 the Horizon, N the true North Point, Eg. 4. 5,6, 
S. the South, and E, W, the Eaſt and Weſt Points ; n the North Point of 7, 8, &9. 
the Magnetical Meridian, s the South Point thereof, e and w the Magnetical 
Eaſt and Weſt, or the Eaſt and Weſt Points inſpected. by the Card; N © 
is the Meaſure of the true Amplitude or Azimuth from the North, O the 
Magnetical Amplitude or Azimuth, or the Amplitude or Azimuth from the 
North Point of the Card, and Nu the Vaxiation.. Theſe Schemes being 


thus explained, the reaſon of the following Examples will be very evident. 


Examp. 1. At San-rifing. 
The Sun's true Amplitude NET 82 300 NO "Op: 
The Magnetical Amplitude NE 74 20 . 4 


Variation E., 8 30 Nu 


Examp. 2. At Sun-ri fing. 
The true Amplitude from the North 86 40% N ©. 
The Magnetical Ampl. from the North 98 u -——M0 $i 


Pariation Weſterly 11 20 N 
Examp. 3. At Sun-ſetting. 
The true Amplitude from the North 1129 20/ N O 
The Magnet. Ampl. from the North 98 z ©. Fig. 6. 


Variation Weſterly 14.20 NA 


Examp. 4. At Sun-ſetting. | 
The true Amplitude from the North 76 os NO 
The Magnet. Ampl. from the North 97 O Fig. 71 


Variation Eaſterly 21 Oo NA 
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Examp. 5. In the Forenoon. 


The true Azimuth from the North 150˙˙ 300 NO 
The Magnetick Azim. from the North 132 1 © 


. Pariation Eaſterly 18 30 NA 


Examp. 6. In the Afternoon. 


The true Azimuth from the North 74 3o' NO 
The Magnet. Azimuth from the North 52 n O 


— — —— 


Variation Weſterly 22 30 Nu 


SECT. Il. 
The Method of keeping and. correcting 4 Sea-Fournal.. 


HE moſt remarkable Occurrences that happen at Sea, (which any 

way relate to the Motion of the Ship) are gunctually ſer down upon 
a Board divided into proper Columns, called the Loe-BoARD. The Parti- 
culars that ought to be noted upon: the Log-Board; are as follow : | 

1. The Log oughr to be hove once every, Hour, and then the Number of 
Knots, and decimal Parts of a Knot, (if the Log-Line is decimally divided) 
muſt be. entered into their proper Columns upon the Log-bvard ;: and this 
Experiment being repeated hourly during the whole, 24 Hours, the Sum 
of the Knots and Parts upon the Log-board do ſhew the number of Miles 
ſailed in that time. N. B. If the Gale has not been the ſame during the 
preceding Hour, as at the time of the Experiment, or if any Sail has 
been ſet or hauded (fo as to cauſe an Alteration in the Velocity of the Ship) 
the Artiſt muſt make a diſcretional Allowance. for the Drift of the Ship, 
and accordingly leſſen or augment the Diſtance given by, the Log, as the 
Caſe requires. 

2. The Courſes ſteered according to the Compaſs, muſt be carefully noted, 
and ſet down in a proper Column, each in its reſpective Place, ſo often 
as the Courſe is altered. Alſo the Alteration of Winds, Weather, &c. is 
uſually ſet down in another Column: likewiſe, what Sails have been ſer 
or handed, Cc. 

3. The Lee-WWay, if there be any, ought: to be carefully obſerved, as 
often as may be judged neceſſary; and theſe Obſervations muſt be punc- 
tually ſer down by the Officer of the reſpective Watch; at leaſt if no 
Obſervation be made, he ought to ſet down the Lee-Way according 


0 
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to his Judgment, once or twice in the Watch. And by this means, the 


Courſe made good may be found to a much greater Certainty and Exact- 
neſs, than by the common Method of allowing for Lee-Way, when the 
Day's Account comes to be worked, (which is generally once in 24 
Hours.) For an Obſervation muſt certainly be better than any Gueſs; 
but if no Obſervation be made, the Perſon who is upon Deck, and has 
the Care of the Watch, is better able to make proper Allowances while 
things are freſh in his Memory, and while he is an Eye-witneſs of the 
ſeveral Accidents that happen ; and certainly much more capable than 
another, who might not be at all upon Deck during the whole Watch. 

I often admired to ſee how particularly every thing is ſtated upon the 
Leg-board, excepting the Lee-Way; and yet that (which is one of the moſt 
material Articles, ſince the Courſe according to the Compaſs muſt be cor- 
rected by it) only allowed for next day, according to every one's Fancy; 
thereby, as it were, keeping as many different Journals as there are A, 


ziſts. (ſo called) on board the Ship, and yet not one regular Journal pro- 


perly amongſt them all, ſince one of the moſt material Articles is only 
gueſſed at. I have reaſoned this Caſe with ſome People, and their Argu- 
ment was, that ſince the ſeveral handing and ſetting of Sails is put down 
upon the Log-board, they think that to be ſufficient for determining the 
Lee-Way; and beſides, that they can't ſo well truſt to another's * 
ment or Care in entering it upon the Board. The former of theſe Argu- 
ments I have already ſhewed to be unreaſonable in the laſt Section; and 
indeed it is no more reaſonable than if a Perſon would pretend to trace 


the Way of a Ship during a whole Yoyage, by the help of an old Log-Book 
(having only the ſeveral Obſervations of the Latitude added to it) kept on 


board of her a Twelve-month before : As to the later, I am very loth 
to ſuppoſe, that a Perſon who has ſo great a Charge upon him as the 
Management of a Ship, would be ſo negligent, or could be ſo ignorant, 
as not to make Proper Entries of the Lee-Way upon the Log-board, were 
it but the Cuſtom ſo to do; and indeed to queſtion a Perſon's Abilities 
in this Point, would be as great an Affront done to him, as if he were 
ſuſpected of not being qualified to heave the Log, or to note down the pro- 
per Courſe according to the Compaſs. 

4. If you ſuſpect any Currents, they ought to be tried, and the Setting 
and Drift put down on. the Log-board : Alſo the Variation of the Compaſs 
ought to be obſerved once in two or three Days, if Opportunity offers; 
however the Allowance made for it, ought to be daily expreſſed. 


5. When you are Within ſight of Land, you may ſer the Bearings of 


ſome remarkable Parts of it, from different Stations, and. thence you 
be able to correct any Error that may be in the Deſcription of that 
Part of the Coaſt, &c. Alſo when you are within Soundings, the Quality 
of the Ground and the Depth of the Hater may be properly entered upon 
the Log-board, 3 | 
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Every Day at Mon this Account is taken off the Log-board, and entered 


into a Log- Book, and from thence every body that keep a Reckoning 


tranſcribe. it into their own Log or Journal- Books, 


The Method (I would recommend) for dividing a Fournal- 


Book, is as followeth : 


The firſt ſix Columns * to the bottom repreſent the Log-Book, 
ev 


wherein muſt be inſerted the ſeveral Particulars noted upon the Log- 
board ; allo the Log-board ought to be divided after this manner. In the 
firſt Column marked H are inſerted the Hours of the Day, beginning at 
Noon, and ſo numbered to twice 12, until they end at Noon next Day; 
In the ſecond and third Columns muſt be inſerted the Knuots and Parts run 
each Hour, the Column K ſignifying Kzots, and that maked P** the Deci- 
mal Parts of a Knot: In the — Column muſt be noted the ſeveral 
Courſes, in the fifth the Winds, and in the ſixth mark d L. W the Lee-Way. 
And in the 5th Column may be noted the ſetting or handing of Sails, 
(if any body has the Curioſity ;) alſo the Quality of the Feather, and 
if a Current was tried, its Setting and Drift muſt be put down in the Log- 
Book, as alſo any other Particular which may be thought convenient. 


'This Table is here divided into Parts correſponding to the ſeveral Watches 


kept on board a Ship, but it is beſt to have the Diviſions upon the Log- 
board for every Hour: The Dots in the Lines are made as a Direction 
for placing the ſeveral Particulars right againſt the Hours. 

he ſmall Table on the right-hand is a Traverſe-Table, made ſo long 
as to contain all the Traverſes requiſite to be made in any Day's Work. In 
the firſt of theſe Columns muſt be placed the ſeveral Courſes corrected, by 
making due allowance for Variation and Lee-Way, (if there be any.) In 
the ſecond Column muſt be placed the Diſtance correſponding to each fin- 
gle Courſe, and in the other tour Columns muſt be placed the Alterations 
of Latitude and Departure anſwering to each Courſe, as has been ſhewed 
in Sect. 3. of Chap. II. The two Compaſſes are drawn in the blank Space 
under the firſt Column, as a Guide for correQing the ſeveral Courſes (by 
allowing for Variation and Lee-Way,) with the more Eaſe and Certainty; 
the one having the North Point upwards, and the other the South, to be 
uſed according as the Courſe ſteered is Northerly or Southerly. 

In the blank Column at the head of the Table may be properly pur 
the Running Title, viz. the Name of the Ship, the Voyage, and the Date 
of the Year: And in the blank Column at the head of the Traverſe Table; 
may be noted the Day of the Week, and the Date of the Month. 


Underneath the Traverſe Table, againft Latitude by 1 3 


- * | 
computed Latitude according to dead Reckonin 

muſt be ſet down chef the Lat. by Obſervation (if any had been 3 
If theſe two agree, the Reckoning is ſuppoſed to be exact; but if th 
differ above 10 or 15 Min. the Departure muſt be corrected by the Rules 


here 


5 


by | 


by | 
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hereafter given; and the Departure ſo corrected muſt be ſet down againſt 
Cor. Departure, and in the ſame Line againſt Rule, muſt be ſer down the 
Ne of that Rule whereby you corrected the Departure; by which. means 
you'll know at any time afterwards what allowance you then made, which 


may be of good help to you when you come to correct another Day's 
Work. | 


Againſt Lat. = Day — 24 M. Parts, muſt be noted the Latitude 


by 1 an De 8h. Obſervation; and againſt theſe the reſpective 


Meridional Parts, and underneath the Proper and M-ridional Difference of 
Latitude. Underneath is expreſſed the Proportion for finding the Difference 
of Longitude, which muſt be accordingly wrought as has been exemplitied 
in Sett. 1. of Chap. II. | | 

At the bottom may be ſet down the Latitude the Ship was in at Noon, 
and the Longitude from the laſt known Land; and alſo the Bearing and 
Diſtance of ſome remarkable Place, if it be thought convenient. | 
VN. B. The Column marked Winds, &c. is made ſufficiently wide, for 


inſerting any remarkable Occurrences, (which ought to be ſet down a- 


gainſt the reſpective Hours wherein they happen) as the Quality of Sound- 
ings, viz, the Depth of Water, and the Quality of the Ground; the Al- 
teration of Weather; an eee that had been ſeen; the Diſ- 
covery of Sands or Shoal, &c. alſo, the Handing of Sails, &c. if it be 
thought convenient. And when the Ship is 2 upon a Wind, there is 
no neceſſity of ſetting down the ſeveral Alterations of it, (for the Courſes 
e in the next Col. will determine that) if you want room for any 
thing elſe. | 

a This Method of Journalizing a Day's Work, and noting in the Jour- 
nal- Book, all the Occurrences that happened, and alſo working the Tra- 


verſes, and the proportion for finding the Difference of Longitude, &c. in the 
fame Book, is undoubtedly far preferable to any other; and indeed is very 


neceſlary, for by this means a Perſon is capable (if need be) of over-look- 
ing a whole Voyage, and correcting any Miſtake (of his) which might have 
ſlipt in it during the whole time; which otherwiſe could not be done. 
And if Mariners would have their Books printed or ruled like this Specimen, 
they would ſave themſelves a great deal of trouble, beſides the advantage 
of having a ready and true Direction to proceed in every Particular. 
Having thus explained the Nature and Method of a Journal-Book, 
(which in my humble Opinion is far preferable to any other Form that 


has hitherto been uſed ;) I ſhall next give Directions for working a Day's | 


Reckoning, by making proper allowance for Variation, Lee-Way, &c. 


Of Working a Day's Account. 


1. If there be but one Courſe upon the Log- board, then you muſt add all 
the Knots and Parts, and take the Tora for the Diſtance ſailed But 1 3 
e ip 
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Ship has ſailed on ſeveral Courſes during the 24 Hours, draw a Daſh at 
the end of each Courſe, and add up the Knots and Parts correſponding to 
theſe feveral Courſes, and fer down the ſeveral Sums; thus, in the firſt 
Day's Work, at end of this Section, the Diſtance ſailed on the firſt Courſe is 
22 Miles, on the ſecond 32.5 m. and on the laft Courſe 65 m. 

2. The ſeveral Courſes muſt be corrected by allowing for Variation and 
Lee-Way, (if there be any ;) which will admit of three Caſes. 


1. When there is only Variation, but no Lee-Way. 
2. When there is only Lee-Way, but no Variation, 
3- When there is both Variation and Lee-Way. 


1. The Courſe ſteered by the Compaſs and the Variation, bes 
4 given ; to find the true Courſe. | 


If the Variation (for inſtance) be : Point tweed, then the North 


Point of the Card, points the true 8 n+ and conſequently all the 


other Points of the Card are ſo much more Jan than they ought 


to be: Or which is all one, the true Points of the Horixon are more 
to the Wide F hand from the North, than the Points upon the Card; 


whence we draw this general Rule for finding the true Courſe. 


If you ſuppoſe yourſelf to ſtand in the Center of the Compaſs, with your 
Face turned towards that Point upon which the Ship is ſteered, and if the 
Variation be THe + count the Quantity thereof from the Courſe 
ſteered, towards the 1 l 3 1 hand, and the Point of the Compaſs thus 
found will be the true Courſe ſteered: Thus, if the Courſe ſteered be N E, 
and the Variation be 1 Point Weſterly, the true Courſe will be NEN, 
1 Point more towards the left-hand, (or nearer to the North ;) bur if the 
Variation had been 1 Point Eafterly, then the true Courſe would have been 
NEGbE, 1 Point more towards the right-hand. After this manner were 
corrected the ſeveral Courſes in the firſt Day's Work, at the end of this 
Section, (where is no Lee-W/ay ;) thus the firſt Courſe according to the Come 
paſs being SWbS, and the Variation reckoned ' 1 + Point Weſterly, the 
true Courſe is SWW, which is accordingly ſet down in the Traverſe 
Table; and the ſame Method muſt be obſerved in all other Caſes what- 


ſoever. 


2. When 
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2. When there is no Variation, the Courſe ſteered by the Com- 
paſs, and the Lee-Way, being given ; to find the true Courſe. 


- 


II you ſuppoſe yourſelf to ſtand in the Center of the Compaſs, with your 


- 


Face turned directly to Fimndward, and if the Fours; Tacks be on 


board, then 1 counted from the Courle ſteered by the Compaſs 
75 Left 
towards the & R. obt 


ample, if the Mind be at SE, and the Ship ſteers ENE, making 1 Point 
Lee-Way, the true Courſe (no allowance being made for Variation) will be 
NE E; but if the Vind had been at North, and the Courſe ſteered and 
Lee-May, the ſame as before, the true Courſe would have been E N, 
1 Point more towards the right-hand ; and the ſame Rule will hold good 
in all other Caſes. | 


3. The Courſe fteered by the Co 
Map, being given; to 


aſs, the Variation and Lee- 
find the true Courſe. 


1. Find the Courſe fteered, by allowing for Variation only; then from 
that Courſe allow for Lee-May, and the Courſe laſt found will be the true 
Courſe required. Thus, for Example, let the Courſe ſteered be NNE, the 
Wind at Eaft, the Lee - Way 1 Point, and the Pariation 1 + Point Weſterly; 
the Courfe corrected by the Variation is N E, and the Lee-Way being 
counted from that Point towards the left-hand, (becauſe the Srar-board 


Tuck is on board) gives the true Conrſe NAW. Again, let the Courſe. 


ſteered be NE, the Variation i Point Weſterly, the Lar-board Tacks on 
board, and the Lee-MWay 1 + Point, the true Courſe will be NEN E; be- 
cauſe the Lee- Way and the Variation in this Caſe deſtroy each other, and 
becauſe the Lee-May is greateſt, the Exceſs = + Point is to be allowed 
for Lee-Way from the Gourſe ſteered : but if the Pariation had been 
greateſt, the Difference muſt have been allowed for Variation, and thence 
the Courſe corrected, without any allowance for Lee-Way. 

The eaſieſt way for Beginners to correct the Ship's Courſe, is to have 
the Compaſs drawn in ſome convenient place in the Journal-Book ; then 
noting down the Place of the Wind, the Variation, and the Courſe ſteered, 
the true Courſe may be eaſily found : thus, let the Data be the ſame as in 


& band, is the true Cowſſe required. Thus, for Ex- 


111 


the laſt Example, having drawn the Compaſs, and laid the Variation = 1 3 
Point Weſterly from N to n, then will n be the North Point of the Mag- Fig. 10. 


netick Meridian, or the North Point of the Card; from m lay 4 Points (on 
the right-hand) to a, then will Na be 3 Points, and conſequently à is 
the true NE Y N, the Courſe corrected by the Variation. Again, becauſe 
the Lar-board Tacks are on board, the Wind is to the left-hand, (ſome- 

Ee 2 where 
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where towards d,) and becauſe the Ship endeavours to ſail from C to- 
wards a, the Lee-Way is to the right-hand, therefore lay the 9 9 
thereof = 1 Point from atob; then will “ be the true NE E Point, 
the Courſe upon which the Ship has made her Way good. 

The Courſes in the Log- book being corrected, they muſt be entered in 
their proper Column in the Traverſe Table, and againſt them their re- 
ſpective Diſt ances; then the ſeveral Alterations of Latitude and Departure 
muſt be found, and the whole Difference of Latitude and Departure made 
good muſt be ſet down in their proper Columns at the bottom of the Ta- 
ble: then by both Latitudes and the Departure, find the Difference of Longi- 
tude, to which add the whole Difference of Longitude reckoned the Day 
before, and the Sum will be the whole Difference of Longirude from the 
laſt known Land. But if the Ship ſailed on the ſame Courſe during the 
whole 24 Hours, you need not find the Departure, but inſtead thereof 
find the Difference of Longitude directly by both the Latitudes, the Courſe, 
and Diſtance, which add to the Difference of Longitude reckoned the pre- 


ceding Day, as before. 


Every Noon, if poſſible, the Latitude ought to be obſerved ; but if an 
Obſervation cannot be had by the Sun, you muſt endeavour to find the 
Latitude at Night, by taking the Meridian Altitude of ſome known Star, 
(though it is much better if you can obſerve at Noon) and if the Latitude 
by dead Reckoning agrees with the Latitude by Obſervation, the Reckon- 
ing may be ſuppoled to be good. But by reaſon of the ſeveral Accidents 
that may attend the Ship in one Day's Running, ſuch as ſwelling Seas, dif- 
ferent Rates of ſailing between the times 7 heaving the Log, want of 
Care at the Helm in letting the Ship yaw or fall off, accidental Currents, 
ſudden Storms, when no Account can be kept, Oc. the Latitude by dead 
Reckoning, and the Latitude by Obſervation may very often differ : then 
it is neceſſary that proper Corrections be made in the Difference of Longitude. 
But if the Latitude by dead Reckoning, and the Latitude by Obſervation 
agree within 10 or 12 Minutes, you need not make any Correction at that 
time, till you ſee how they agree at the next Obſervation z becauſe in 
reality the Latitude cannot be found at Sea. to leſs than 10 or 15. min. b 
the Inftruments now in uſe, notwithſtanding the pretence of ſome People 
to obſerve to 5 min. And nothing is more common than for two good Ob- 
ſervers to differ 20 Minutes from each other in two Day's Obſervations ; 
one perhaps in one Day making the Altitude 10 Min. more, and in the 
next Day as much leſs than the other; and I found myſelf that I could 
hardly diſcern any Difference in my Qbſervation, in moving the Sight- 
Vane to Minutes upon the Quadrant: And whoever conſiders the Nature 
of that Iuſtrument, may be rather ſurprized, that Sailors can obſerve ſo 
exact as they really do, than that they ſhould differ ſo much from one 
another. But when the Difference between the Latitude by dead Reckon- 
ing and the Lat. by Obſervation, is greater than + Degree, you muſt en- 
deavour to rectify your Account by the following Directions. 
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Sect. 3. 7 Of keeping a Sea- Journal. 


Of Correcking a Day's Mork. 


This indeed is a very nice and difficult Artiele, and ought to be ma- 


naged with a great deal of Diſcretion, elſe it is much better to let the 
Reckoning ſtand without any Alteration ; and indeed after proper Cor- 
rections have been made in the Courſes entered in the Traverſe Table, there 


can be but little more done till ſuch time as the Longitude be found, or 


| ſome other Improvement made in Navigation. However, I ſhall here give 


ſuch Directions as will diſcover where it. is moſt probable that the Error 
lies, and afterwards ſhew how to correct it. | 


Firſt, you ought to try if there be any Current, and if you find there 
is, you muſt ſet- down'its Setting, and againſt that its Drift in 24 Hours, 
in the Traverſe Table; or by the Setting and Drift find a new Diference- 
of Latitude and Departure, and theſe muſt be either added or ſubſtracted 
from the computed Dif. of Lat. and Depar. as the Caſe requires: Then if 
the new Latitude agrees with the Latitude by Obſervation, you need not 
proceed any farther in your Corrections; but if they differ, there is ftill 
an Error either in the Courſe or the Diſtance, and to find wherein it is moſt 


probable the Error lies, obſerve, r 

1. If the Courſes be for the moſt part near the Meridian, as within 2 or 
2 7 Points from it, it is moſt probable the Error lies in the Diſtance, be- 
cauſe it would require a very great Error in the Courſe, to make any con- 


ſiderable Error in the Latitude; but it being here, that the Diſtance and 
the Difference of Latitude approach neareſt to Equality, a ſmall Error in 


one will therefore be more viſible in the other. 
2. If the Courſes for the moſt part be near or within 2 Points of the Eaſt 
or Weſt, it will require a very great Error in the Diſtance to make any 


ſenſible Error in the Latitude, and therefore it is moſt probable, that in 


ſuch Caſes the Error lies in the Cour ſe. 
3. But if the Courſes be for the moſt part near the middle of the Qua- 


drant, or within 2 and 6 Points from the Meridian, the Error may be partly 


in the Courſe and partly in the Diſtance, ſince both Errors are capable of 
producing nearly the ſame Error in the Latitude; or the Error may be 
either in the Courſe or in the Diſtance, and yet the other true. 

Having by the Directions above found where it is moſt probable the 
Error lies, the Reckoning may be corrected by the following Rules. 

Rule 1. When the Error is ſuppoſed: to be in the Diſtance, to find the 


true Departure, it will be, (if the ſaid Error be ſimilar, or the ſame- 


throughout the whole Day's Work,) 


As the Difference of Latitude by dead Reckoning, . 

To the true Difference of Latitude: - 
So the Departure by dead Reckoning, 

To the. true Departure. Alſo, 


213 


214 


Plate 11. 


Fig. 11. 


Fig. 12. 


NAVIGATION. Chup.IV. 


So is the Diſtance by dead Reckoning, To the true direct Diſtance ; or, 
So is any particular Diſtance run, To the true correſpondent Diſtance. 


Admit a Ship from the Latitude of 40* oo N, after having failed upon 
ſeveral Courſes in the ſpace of 24 Hours, her Difference of Latitude is com- 
puted to be 80 Miles NV, and Departure 52 Miles E; but by a good Ob- 
{ervation ſhe is found to be in the Latitude of 41* 50 N; and ſuppoſing the 
Error to proceed from a Fault in the ſeveral Diſtances run; I would know. 
the true Departure, 
Having the true Difference of Latitude = x10 Miles, (betwixt the La- 
titude departed from, and the Latitude obtained by Obſervation) it will be, 


As the computed Difference of Latitude BA = 80 . 8.09691 
To the true Difference of Latitude B D 110 m. 2.04139 


So is the computed Departure A C= 52 m. 1.71600 


To the true Departure D E = 71.5 1.85430 


5 That this Method of correcting the Departure is true when there is no 


Error in the Courſe, may be eaſily demonſtrated: If the Ship ſailed but 
upon one Courſe, it is evident from the Property of ſimilar Triangles, 
that it Will be BA: BD :: AC: DE. And again, becauſe while 
the Ship continues upon the ſame Rhumb, the Error in the Departure will 
be proportional to the Error in the Difference of Latitude ; it follows, As the 
Sum of the whole Difference of Latitude by Ascount, To the Sum of the whole Depar- 
tures by Account : So is the true Difference of Latitude, To the true Departure. 

Rule 2. When the Error is in the Courſe, if the ſame be regular, (i. e- if 
it runs equally the ſame, and the ſame way throughout the whole Day's 
Work,) the dire& Diſtance found by Computation will notwithſtanding 
be true; wherefore to find the true Departure, it will be, 


1. As the direti Diftance, To the true Difference of Latitude: 
So is the Radius, To the Co=Sine of the Courſe. Then, 

2. As the Radius, To the Tangent of the Courſe : 

So is the true Difference of Latitude, To the true Departure. 

That in this Caſe, the direct Diſtance found by Computation is true, 
may be thus demonſtrated. 

Let AB, B C, CD be a Traverſe or a compound Courſe, and #6, bc, c d 
another Traverſe; in which Traverſes let the Diſtances AB ab, BC bc, 
CD cd be equal, and let b mz be parallel to BC, and cn parallel to C D: Now 
if the BA, mbc, uc d, be all equal one to the other, (i. e. if the Error 
in each Courſe is the ſame, and the ſame way ;) I ſay the direct Diſtance 
made good A D, is equal to the direct Diſtance by Computation A d. Pro- 
duce CB to a. 

1. In the * ABC, A a C, having the ſame common Tat C, it is evi- 
dent, that the 4 A 4 C is leſs than the £ A BC, by the Quantity BA a; 
where fore in the A Abc becauſe the Cm bc=B Ab, the C AC ABC, 
and becauſe the containing Sides Ab, bc and A B, BC are equal, the 
ſubtending Sides AC, Ac are alſo equal. After the ſame manner will be 


proved, 
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proved, that the Ch cd is equal to B CD, and conſequently Ac d ACD, 
and therefore the dire& Diftance A d (by Computation) is equal to the true 
direct Diſtance A D; and ſo will it be, let the number of Courſes be what 
it will, W.W.D. It is alſo evident, that the £ DA d the whole Error in 
the Courſe, is equal to the £ B A the Error in each ſingle Courſe ; whence 
the Error in the Courſes may be found. 64 tht. 

3. When the Courſes are for the moſt part near the middle of the Qua- 
drant, it is yery difficult to determine, whether the Error be in the Courſe 
or in the. Diſtance, or it may be in both; for either of theſe Errors are ca- 
pable of producing nearly the fame Alteration in the Latitude, and yet a 
contrary Error in the Departure. Foy inſtance, let the Courſes be nearer 
the Meridian than what they were ſuppoſed to be, this Error will make 
the true Difference of Latitude greater than the computed Difference of La- 
titude; but the true Departure will be leſs than the computed Departure. 
And if the Courſes be true, and the Diſtance failed greater than what was 
given by the Lug, this may create the ſame Error in the Latitude, as before; 
— the Erron in the Departure will be the contrary way, i. e. the true 
Departure will be greater than the Departure by dead Reckoning. 
Wherefore, when a Ship fails near the middle of the Quadrant, or be- 
twixt 3 and 5 Points from the Meridian, it is beſt not to make any altera- 
tion in the Difference of Latitude by dead Reckoning, tho' the Difference of 
Latitude is found to be erroneous: For if the Error be both in the Courſe 
and Diſtance, the computed Difference of Longitude may be true, not- 
withſtanding the Diff. of Latitude being erroneous ; and if the Diff. of 
Longitude ſhould be erroneous, we are ſo far from knowing how much 
the Error is, that we can hardly pronounce which way it hes, as whether 
it makes the Longitude greater or leſs than what has been found by Com- 
putation. Is 
The Day's Work being wrought, (and corrected if need be) according 


to the above Directions, the Latitude the Ship is in, and the Longitude from 


the laſt known Land, muſt be daily expreffed'in the Journat- Book; by which 
the Ship's Place upon the Chart may, be readily found, and thence the Bear- 
ing and Diſtance of any. known Place, (by the Directions given in Sect. 2. 
of Chap. II.) fufficiently exact for all Uſes in Navigation; whence. it appears, 
that to find daily the Bearing and Diſtance of the Place departed from in 
Numbers, is entirely uſeleſs, and is ſo much time and trouble loft. 


For the further illuſtrating the Rules delivered in this Hection, 
and the Form of keeping 4 Journal, I have ſubjoined the fol- 
lowing Specimen of three Days Work, 
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| 2 — wy — . 
The NEPTUNE from the Lizard towards Barbadoes. 1729. 
— "W | : =; 
- HJR|P**} Courſe. Hude Weather, 8c. L. W. Monday November oth. 
1 N — 9 — — — 
2} | | Courſes Hi Dif Lat.] Depar. 
3|TheLizard in Lat. 50 oN. NE#Ns L**.| corretted “N. I S. [E. TW. 
EEC 
5143 | SW3S z 7 14 
6] 4] 6 | SW 325 3 2.4 | 3-2 
7] 4 8 SWS [65 54 36.1 
| 3] 5 [21-9 | | * 
10 51 2 | — — Ae 1 
111 5| 2 „ gel ig Prone Laden fry © rai 
T2151 4]__ ab | 98: VN FF — 2. | 
2 32.5 | by Account —48 021 N. 
13 6] 2 WIN N E 22 9228 — o8 
| 4| 6 | . | Cor. Dep. 57.6 m. Weſterly. 
2 Lizard —50% ood N—3495? 
1s 1 
22 . 
| 9] 6] Prop. Diff. Lat. 112 5.9508 
lo] 6 M. Diff. Lat. 11 2.23 30 
111 6 Cor. Depart. 57.6 1.7604] . 
12] 7 Diff. Long. 88 1.9442 
119.5 Miles. Variation 1 reckon 1 IR" 
| Fo 


At Noon Lat. 48* 08/N, Longitude from the Lizard 1? 28/ WY, 


For the moſt part of theſe 24 Hours moderate Gales and Fair-Weather. 


— —_— 


Note, Becauſe the Lizard bore NEbN 5 Leagues, the firſt Courſe is 
S WIS 15 Miles, which being corrected by allowing 1 + Point WV Varia- 
tion, is SY WT W, which is accordingly entered in the Traverſe-Table: 
After the ſame manner the three Courſes upon the Log - board are corrected 
by allowing 1 7 Point Variation, (there being no Lee-Way made) againſt 
each of which is ſet the reſpeCtive Diſtance, 
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The NEPTUNE from the Lizard towards Barbadoes. 1729. | 
ts ———. —— — 
KJÞ* P Courſes. Winds 2 Weather — L. W. 
i 7 ISWawWw NIW ——| Tueſday, November 1 1th. 
2] 6 4 #2 Di 7 I. 
3 Courſes | if. Lai] Depar. | 
7 FP | ſera NEN 
nerd bu no ST; e — SW-S 25.6 18.9 [x * 
6 5| 4 SSW. 26 2 1.3 
15 17 14.6 8.7 
8] 5] 2 ; 1 4- 1 IN Paws if, * | 
2 44 3126 TookaReef in each 7. I x 1 9 144 
to] 4] SW S WIN W | | 9:4 * 
I 417] SW — | 
12] 4] SWG o.8119.9 27.1 
pee NN — 19.9 
I] 4] 418.2 Cloſe reefed the J. S. | 14 — Qe 
2 3 8] South, WSW my 3 | Bog! c | 7.2 
3] 3] 2 N 
UE TFL Leer. n t. 
1 » f | Rule 1 Cor. » te Weſterly. 
2} Laſt O—489˙08/—3304 
71 2 6 | L. To-day 5 188 M. P. 
8| UST WHanded M. Z. S. 5 9 2 250 © 
9] 2] 5 Prop. Diff. Lat. 58 8.2366 
lrol 2 3 | Merid. Diff. Lat. 87 1.9395 
111 21 2 | Cor. Depart. 5 0.6990 
124 2] 19.4 Diff. r 5 0.0751 
— e 1 
498.8 mm „ ; 
Variats J ode 1p Wu. 1 5 | 
At Noon Lat. 47 10 N. Longitude from the Lizard 135 WV. 
The firſt Part moderate Gales and fair, the middle and later Part fqually 
with hard Showers of Rain. 


Note, 1. I contracted the three Courſes WSW, SW, SW&W, becauſe they are cloſe toge- 
ther, into one, taking the middlemoſt which is SWW, and alſo becauſe the Diſtance run 
upon this Courſe is the greateſt, and the Diſtance I leſſened one Mile: And the like may be 
done in all ſuch Caſes, ſo that you need never have above 6 or 8 Courſes in the Traverſe-Tadle. 

Note, 2. Becauſe when the Fore-Top Sail was taken in the Lee-Way was altered, ons Ship 
makes a new Courſe from 4 A. M. tho her Head is till kept directly South. 

Note, 3, In correcting the Courſes, it is ſufficient, that the Variation be counted to a ® Point : 
thus, tho' the Variation has been obſerved above to be 13+ Degrees, an correcting the ſeveral - 
Courſes I allowed juſt 14 Point, which is ſomewhat more than is given by the Obſer vation. 

Note, 4. The Rule 1. againſt Cor. Dep. denotes, that the Departure was corrected by the firſt 
Rule aforegoing, or that the Error in the Latitude was attributed to an Error in the ſeveral 
Diſtances, Pe the Courſes are partly on each lide the South- part of the Meridian, and 


not very far from it. 
5 F The 
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Te Nrrrüxr from the Lizard fowards Batbadocs. 1729. | 


5 Noon Lat. 45 54 N. Longitude from the Lizard 2 4& WV. 
The firſt Part ſqually with hard Showers, the middle and later a freſh 
| Gale and Fair Weather. 


Note, 1. In correcting the firſt Courſe, becauſe the three different Lee- Mays are near to one 
another, I took a Mean betwixt them, and ſo contracted them into one Courſe, and leſſened 
the Diſtance: and the like may be done in all ſuch Caſes. 

Note, 2. The Error in the Latitude in this Day's Work I attribute to the great Swell, ſet- 
ting NE N, and the Departure I corrected accordingly : Thus, with 19 Miles (the Difference 
betwixt the Latitude by dead Reckoning, and the Latitude by Obſervation) and the Setting 
of the Sea N E6N, I found a new Departure = 13 m. then becauſe the Setting of the Swell 
is Eaſterly, and the Departure by dead Reckoning is Weſterly, I take the Difference = 45 m. 
Weſterly for the Cor. Departure. 

Note, When you would find the Bearing and Diſtance of the Place you are bound for, (or 
of any other) ſubſtract the Longitude made good, from the Longitude of the ſaid Place, and 
veich that Difference, and the Difference betwixt the Lat. you are in, and the Lat. of the ſaid 
Place, you may find the Bearing and Diſtance required. Vide Page 108. | 
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1 F | — — — 
b. Courſe: d, Weathers 8c. E. N. IVedneſday, November 12th. 

1] 3] 5$S'S W[WSW + - PPS wy. — — 
203 12 N eeefen Conrſes. 5 —_ DiE Depar, 
& & + oy Violent Squalls, Steins: WENN N... W. 
4 3 '$ 12.8 Hande. Fores Sail, _ L | 2 8392 12 1 8 8.9] 

51 3] 4 Hard S/owers$ Rain. G = 15 | 43:51 6.4 
6] 3] 8 Set the Fore- Sail. "5-1 88 W 17 775 | + 
5 3 ; | [FF {| % 
542 8 — SW4W 84 59 [67.5 
9] 418 HE FP þ 
S| 5 Let the Reefs out of the 3 0 PF BOP OT" CONF! NP 
ri FAA [Comfes, and ſer the T.S) J 7.265374 
12 | 8 1 Unreefed the Top-. 1 + 1 AGES —4 
1 37775 4 great Sea ſetting NEbN, = —— — 7 58.7 
2 6 ew NW W o f. by J On 49030 
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Sect. 3. Of keeping a Sea- Journal. 


The Method of working and correcting a Day's Work, being already 
ſhewed at large, and the ſeveral Steps in the foregoing Specimen of a 
Journal being fully explained by the Notes underneath, I need enlarge no 


farther upon that Head; and I think there is hardly any Occurrence 


which may happen in Navigation, but has been ſomewhere or other fully 
explained. But before I take my leave of the ingenious Mariner, I mu 
again caution him againſt that common Method of keeping Reckonings by 


Meridional Diſtance ; the Error and Abſurdity of which Method has been 


largely ſhewed' in Sect. 3. of Chap. I. And indeed, according to Geometrical 


Strictneſs, the Difference of Longitude ought to be found for every ſingle 
Courſe ; but in Practice it is ſufficiently exact if it be found once in every 


24 Hours, according to the Examples in the preceding Journal. 


And thus have I brought this Work to a Concluſion; in which I have 
endeavoured to render the whole Scheme of Navigation more correct and 
perfect than has been done hitherto, and alſo every where plain and eaſy 
to the meaneſt Capacity : I hope what I have herein advanced may prove 


uſeful and acceptable to the induſtrious Sea-Man, to whom I heartily wiſh 


all deſirable Succeſs. 
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AT TABLE of the Right Aſcenſion and Drelination 
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of the principal 
fixed Stars, adapted for the Tear 17 4 * 
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Conſtellations within the Zodiack 


8 


1 The Parts of the Conſtellations wherein 8 
Conſt ellat. 15 the Stars are placed. R. Aſe.] Declin. 8 
"TR * 4 T\ H M. © / 8 
Aries. The bright Star of ries. — a| FH os 

we Bull's Eye. ALDEBARAN. 4 [4 20lt5 55 N 

Taurus. In the Northern Horn. 1 og[28 20 0 
Ji the Southern Horn. CT] 5 21Þo 56]N 

In the Foot of the Southern Twin, >| 5 2216 3 N 

Gemini. la the Knee of the Northern Twin. | 27 25 221N 
1 

8 Tm 7 17135 .22N 

POL 2 7 2828 N. 

In the Hon s Head. 19 37 27 = N 

Leo. The Lyon's Heart. REGULUS. 2 9 54 13 & 
ln the LZyor's Neck. — ro og|21 13\N 

In the Hon's Tail. DENEB. — 8111 35116 o6|N 

Virgo. SPICA VIRGINIS. ——— 413 1145 4405 
In the Scorpion's Head. — 56.15 F5oſig oils. 

Scorpio. Cor Scorpii. ANTARES. — 416 13ʃz5 47,8. 
In the Tip of the Tail. — a [17 15136 51S. 

In the Southern part of the Bow. 18 06 34 2908. 

Sagittarius. & In the Shoulder of Sagittarius. o|18 38026 35S. 
In the Head of Sagittarius, — 7 118 53121 | 2618. 
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Conſtellations on the Northern Side of the Zodiack. 


Andromeda. 


Perſeus. 


In the end of the Chain. 
In the Head of Andromeda. 
MIRACH. — 
| ALMAACH. 
In the Shoulder of Perſeus. 
ALGOL. —— 
ALGENIB.4 
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In the Grrdle. 
In the Foot. 


Caput Meduſg. 
In the Side of Perſeus. 


In the Southern Foot. 
In the Southern Knee. 
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An Eſtimate of the Meridian Altitudes in whole Deg. (where th, 
ſame does not exceed 40 Deg.) in every 10 Deg. of Lat. from 6c 
Deg. North, to 60 Deg. South. 
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A TABLE of the Right Aſtenſuon and Declination of the principal, 
fixed Stars, adapted for the Tear 1726. 
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Hercules. In the Head. RAS ALGETHI. 2117 02 I4 43 N. 
In the following Shoulder. — d o4l25 11]N. 
In the following Knee. — 07 5 19 N. 


Lyra. LIRA. — — al18 280838 33/N. 


Conſtellations on the Northern Side of the Zodiack. 3 
= TheParts of the Conſtellations wherein | | „S 
Conſtellat. 4 chis have as widchd. wh R Declin. : þ 
e r H. Me |S] 
- In the preceding Should. CAPELLA.a| 4 56 45 41 N-| i| 
Auriga. In the following Shoulder. — 6L L. 3244 5 3]N. 2 
ARCTUR US. 24 03]o 39 [NJ 1]. 
. In the preceding Shoulder. — 94 2132 31]N.| 3 
Bod tes. MIRACH. | | — Eq: 33 28 15 N. 31 
In the Head. — — 654 $2j41 30N. 3 
In the following Shoulder. — 15 0434 22 N 3 
Coron. Bor. In the Northern Croun. - 42415 23027 39 [N. 2 
. In the Eagle's Tail. Wen £118 47 I4 43 N. 1 
Aquila. TALTAR. — — a 32 8. 100N.“ ! 
(SCHE AT. — — ſo 22 5026 35 NIA 
Pegaſus. MARKAB. — — ahb: $3 4: 
ALGENIB. — — 3123 593 39 N 
In the Chair. = — 5 8-3 
Caſſiopea. IYSCHEDAR  — —alo 25155 oN 3 
. In the Leg. — — i a 
ln the fore Foot. — Js 43|48 14]N|; 
In the following of the fore Legs. 0] 9 1262 55[N+{ 3 
'The firſt and Southermoſt in the DU. 2 10 45157 50 2 
The third in th ao oo 
210. The third in the Q. — y|1z 39 12]N4 2 
UrſaMajors In the Root of the Tail. — 0 108 03 58 4 NA 2 
Ihe firſt in the Tail. ALIATH. rz 42157 300N J 2 
The ſecond in the Tail. — Cs 13656 23]Nf 2 
(The laſt in the Tail. BENETNASCH. vi; 27 To 42/N. 2 
COR CAROLI. — — 12 43 39 491N = 
In the preceding Shoulder. *— HfG 182 oN 
In the Side. — — This 31];z2 o8]N 3 
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A TABLE of the Right Aſcenſion and Declination of the principal 
| fixed Stars, adapted for the Tear fk I | 


Conſtellations on the N orthern Side of the Zadiack. 
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Con II . The Parts of the Conſtellations wherein | „I! 
BY Ne 95 the Stars are placed. as Aſc. LIPS 2 S | 
——— 
In the Eagle's Bill. 619 20027 24N 31 
In the Northern Wing. — 9419 36144 29 NJ 31 
Genus. In the Breaft. — 1420 12139 23]NÞ 3 
In the Tail. — — 4120 32144 19 Ny 2 
In the Southern Wing. — „ 35132 $7]N} 3| 
LBetween the Feet of Pegaſus, — zT 32 27 _30[N. 3]. 
| In the preceding Shoulder. — aſz: r2j6r: 27N. 3 
Cepheas. In the Girdle. — 81421 25169 22[N, 3þ 
In the following. Foot. — Y[:3_ 28176 _07]N} 3| 
Urſa Minor $ The Pole-Star, =———= 4 3887 51N\ | 
Ta KOCHAB, — — 614 5275 N 
ons: 57165 42N] 3] 
15 $7159 17]N} 3 
Draco. C 17 o8 66 o04|N,| 3]. 
%-j17 5051 33/NT 4 | 
| 0:19 13167 1IIN. 3 
Conſtellations on the Southern Side of the Zodiack. 
Orion. REGEL. Gs © Bl 5 or] 8 338. 11 
 Betelgeuſe. — ꝗD—2W Aa 5 40 I . 
Ac 1 v5 39234 2þ 
COLUMBA NOACHI. — {| J, 4165 ' 
„ la the hind Foot. — Fs 1029 57. 2| 
Canis Maj. 42S8YRIUS. K — al s 33116 a2Þ-| 1]. 
| In the Tail. — — "| 7 I 28 408. 2 . 
Canis Min. PROC ION. — aſ.7_25 3 11 
COR HYDRE. — 49 147 2 
Hydra. Fur 19530. 188.3 
The laſt but one in the Tail. — 313 41 3 
Centaurus. In the following Shoulder. — [3 51134 588-2 
Piſcis Notius. FOMALH AUT. — 4 225 42131 11 
The Southern Foot of the Croſs. a 12j61 3. 21 
Crugero. The Northermoſt of the four. — fz 1755 308. 
The Southermoſt of the four. — kz 338 oc. 2t 
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An Eſftimate of the Meridian Altitudes in whole Deg. (where the] .. 3 
fame does not exceed 40 Deg.) in every 10 Deg. of Lat. from 60 "83 
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A Tas L. E, ſtewing the Right Aſcenſion - that. . 
Point of the Heavens, which comes to the Me- 
? — ridian at e e Ee Times Lerein We Lex 
8 P 1M, I "P.M 2 H. M. 4 A. M 
6 on H. M. H. M. H. M. H. M. 
3 36 7 366 9 36|11 36 
| 4 39] 8 39]1o 3212 '39 
5 44 9. 44/711 44[13 44 
6 41 Io 4112 41114 47 
= 20 * go|r3 30/15 30 
Ix 8 24 12 24014. 24|16 24 
( 9 22 13 22015 22117 22 
10 18 14 181661818 18 
* — — 1 —w— 
{rr 160 15 1617 16 19 16 
4k 12 15 16 15118 15/2 15 
FR 13 21 17 21|19 21121 21 
Fe I4 23 18 2320 23]22 23 
37 : 15 25 19 25121 25123 25 
16 25 20 25122 2] 2 
99 a7 21 27232 2714 27 
18 23, 22 23[00 23} 2 23 
| 19 21 23 21101 21. 3 21 
* 20 IF oo 15] 2 1 4 15 
| 21 10 1 :10] 3 10 5 10 
: 22 ©6 2 O6 4 06} 6 06 
23 10 3 10] 5 10] 7 10 
p 4 00 12 4 12] 6 12] 8 12 
g Decemb: 1} 7 18 5 18] 7 18] 9 18 
| 4 e 2 24 6 241 8, 24735 34S 


The Uſe of the preceding Tables has been already ſhewed from Page 
167 to 172. 
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